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VI is the privilege of real oreat= 
neſs not to be afraid of dimi- 
nution by condeſcending to the 

notice of little things; and 1 there- 

fore can boldly ſolicite the pa- 
tronage of Your MajzsTy to the 
humble labours by which I have 
endeavoured to improve the inſtru- 
| ments of ſcience, and make the 


globes | 


DEBICATILON. 
globes on which the earth and ſky 
are delineated leſs defective in their 


conſtruction, | ad | leſs * * 
tlieir _— 


Geography i is ina peculiar man- 
ner the ſcience of Princes. When 
a private ſtudent revolves the terra- 

queous globe, he beholds a ſucceſ- 
fon. of countries in witlth he fas 
no more intereſt than i in the imagi- 
nary regions of Jupiter and Saturn. 
But Your MijzsTY muſt con- 
template the ſcientific picture with 
other ſentiments, and conſider, as 
oceans and continents are rolling 
before You, how large a part of 
mankind is now waiting on Your 
determinations, and may receive 
benefits or ſuffer evils, as Your 
influence 


DEDICATION: 
influence is extended ot with! 
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| The die Which:Your Ma: 

SNR arme have added 0 * 
dominians, make no inconſidexable 
part of the orb allotted to human 
beings. Your power isn 
ledged by nations whoſe names we 
know not yet how to write, and 
whoſe boundaries we cannot yet 
deſcribe; But Your M. AJESTY'S 
lenity 7 and beneficenee gives us 
reaſon to expect the time when 
ſcience ſnhall he advanced by the 
diffuſion of { happineſs ; ; when the 
defarts ef "Amerie. ſhall /bacame | 
pervious and ſafe,” when thoſe who 
are now; reſtrained by fear, ſhall be 
aged by reverence, and multi- 

"MAC - 42910 10 tudes 


 DEDICATI1ON:© 
_ tudes: who no- range the woods 
for prey, and live at the mercy. 
of winds and ſeaſons, ſhall by the 
paternal care of "Your MAH v 
enjoy the plenty of cultivated 
lands, the pleaſures of ſociety, the 
ſecurity of law, and hae e of: 
| Revelation: © TIO ITE T 2907 
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„ GEORGE ADAMS. 


r RETPEMENT. 


BEING encouraged to offer to the Pub. 

lic à third edition of my TREAT15SE 

ON THE GLoBEs, I thought myſelf engaged 

to conſider, whether I might not be able, by a 

few additions, to render it more Yeful than 
the former. 


And as fome obſervations on the folar len 
Seemed to be wanting, I have herein endea- 
voured to ſupply that dęfect, by prefixing a 
ſhort view of it. 

J have alſo added ſome pertinent problems, 
and extended the uſe of the Globes to the ſolu- 
tion of all caſes in Spherical Trigonometry, 
which are applied to a variety of aſtrono- 
mical problems ; and that theſe additions might 
be more inſiruttive and amuſing, I have il» 
luſtrated them by eleven copper plates. 
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HE A PRE of F nad with 

geography is ſo evident, and both 

in conjunction are fo neceſſary to a 
learned education, that no man will be 
thought to have deſerved ill of the republic 
of letters, who has applied his endeavours 
to throw any new light upon ſuch uſeful 
ſciences, And as the phenomenon of the 
earth and heavens can be adequately illu- 
ſtrated only by the mechanical contrivance 
of globes, whatever improvement is made 
in theſe muſt deſerve regard, in proportion 
as it facilitates the attainment of aſtronomi- 
cal and geographical knowledge. 


As to maps and all projections of the 
ſphere in plano, their uſe is more difficult 
than thoſe of the globe, of which indeed 
they are only ſo many pictures; nor can 
they be thoroughly Gy without more 

[Kill 


ﬆ PREFACE. 

ſkill in geometry than is commonly poſ- 
ſeſſed by beginners, for whoſe uſe the fol⸗ 
lowing treatiſe is principally deſigned; tho 
it alſo contains ſome obſervations, which 1 


hope will not be altogether r to 
a more learned Reader. 1 0 


The globes now offered to che Public, as are 
of a conſtruction new, and peculiar; they are 
contrived to ſolve the various phenomena of 

the earth and heavens, in a more eaſy and 
natural manner than any hitherto publiſhed, 
and are fo ſuſpended that the ſtudent may 
. elevate the ſouth pole; a thing impracticable 
in the uſe of the common globes. 


That agreement too, which is 1. 
pointed out between the celeſtial and terre- 
ſtrial ſphere, will be found to open a large 
field of geographical and aſtronomical know- 
ledge; and will afford both inſtruction and 
amuſement to every unprejudiced enquirer; 
This correſpondence ariſes from a compariſon 
of one globe with the other, or of the diſtances 
of different places on the earth's ſurface, 
with the relative diſtances of ſuch fixed ſtars 
as anſwer to them in the heavens. 


CY 
-— 
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Buy theſe ſteps of ſcience, the mind of 
man may be raiſed to the contemplation of 
the divine wiſdom, which has ſo adjuſted 
the proportions of days, months, ſeaſons, and 
years, in the different parts of the terraqueous 
globe, as to have diſtributed with an impartial 
hand, though after a manner wonderfully 
various, an equal ſhare of the ſun's light to 
eyery nation under heaven. 


By theſe globes, with little or no expe- 
rience in aſtronomy, may be ſeen how the 
moon changes her place every night, by 
obſerving her poſition with reſpect to any 
fixed ſtar, and how ſhe proceeds regularly 
from it to the eaſtward; as the ſeveral 
planets alſo may be obſerved to do, ſome 

more ſlowly than others, as their orbits are 
more or leſs remote from the center of the 7 
ſyſtem; while the regularity of their motions, 

ſtrictly conformable: at all times to the laws 
of their Creator, exhibits a ſtriking pattern of 
obedience to every rational ſpectator. 


But it will be proper in this place to in- 
form the Reader what he 1 is to 2 in the 
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ſkill in geometry than is commonly poſ- 
ſeſſed by beginners, for whoſe uſe the fol- 
lowing treatiſe is principally deſigned; tho 
it allo contains ſome obſervations, which I 
hope will not be altogether ber . 1 to 
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The globes now offered to the Public, are 
of a conſtruction new, and peculiar; they are 
contrived to ſolve the various phenomena of 
the earth and heavens, in a more eaſy and 
natural manner than any hitherto publiſhed, 
and are fo ſuſpended that the ſtudent ma 
elevate the ſouth pole; a thing impracticable 
in the uſe of the common globes. 


That agteement too, which is here 
pointed out between the celeſtial and terre- 
ſtrial ſphere, will be found to open a large 
field of geographical and aſtronomical know- 
ledge; and will afford both inſtruction and 
amuſement to every unprejudiced enquirer. 
This correſpondence ariſes from a compari 
ot one globe with the other, or of the diſtances 
of different places on the earth's ſurface, 
with the relative diſtances of ſuch fixed ſtars 
as anſwer to them in the heavens. 
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By theſe ſteps of ſcience, the mind of 
man may be raiſed to the contemplation of 
the divine wiſdom, which has ſo adjuſted 
the proportions of days, months, ſeaſons, and 
years, in the different parts of the terraqueous 
globe, as to have diſtributed with an impartial 
hand, though after a manner wonderfully 
various, an equal ſhare of the ſun's light to 


L eyery nation under heaven. 


| By theſe globes, with little or no expe- 
rience_ in aftronomy, may be ſeen how the 
moon changes her place every night, by 
obſerving her poſition with reſpect to any 
fixed ſtar, and how ſhe proceeds regularly 
from it to the eaſtward; as the ſeveral 
planets alſo may be obſerved to do, ſome 
more ſlowly than others, as their orbits are 
more or leſs remote from the center of the 
ſyſtem ; while the regularity of their motions, 
ſtrictly conformable at all times to the laws 
of their Creator, exhibits a ſtriking pattern of 

obedience to every rational ſpectator. | 
But it will be proper in this place to in- 
form the Reader what he is to expect in the 
globes, and in the following treatiſe intended 
to accompany and explain them, > 


The 
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The ſuperior accuracy with which the 
plates are drawn and engraved, will, it is 
_ hoped, appear to competent judges at the 
fuſt fight; for the perfecting of which no 
expence of time or labour hath been ſpared, 
be celeſtial globe is improved by the ad- 
dition of ſeveral thouſand ſtars more than 
have appeared upon any globe hitherto pub- 
liſhed ; all the lateſt diſcoveries in geography 
and aftzxonomy are in both of them ſtrictly 
followed, and many new lines and circles 
are inſcribed, the uſe of which will be ly 
explained hereafter. 


In' the treatiſe, we have ade mig of 3 

that method of finding the times of equinox, | 
which is the moſt modern and fimple ; and 
which perhaps gives the trueſt mean length 
-of a tropical year ; that the. young ſtudent 
may with greater caſe and pleaſure be made 
acquainted with the firſt principles, and from 
them be carried on to the more abſtruſe 
parts of aſtronomy. 

To render this book as extenſively uſeful 
as poflible, I have endeavoured, with all 
the clearneſs I am maſter of, to expreſs 
both my own and the ſentiments of other 
_— on the ſame mathe; and 1 * 

t 


PREFACE. E 


it my duty to acknowledge the aſſiſtance I 
have received in the courſe of this work, as 


well from books, as from ſome worthy 
friends; as I would not willingly incur the 
imputation either of plagiariſm, or ingra- 
titude. If there ſhould appear to be any 
defects, to which every human work is 
liable, the Reader, I hope, will make ſome 
favourable allowance for the undertaker f 
a taſk fo complicated and laborious, and 
correct my errors for himſelf, as well as he 
is able. 


N. B. When the Reader is hereafter directed 
to apply a card, or the edge of a card, to any 
part of the globe, it is to be underſtood that he 
ſhould cut a card of any kind, exactly in the 
ſize and ſhape of A B C D, fig. 27. for the 
| globes of eighteen inches diameter; and of 
the ſize and ſhape of EF GH, for thoſe of 
twelve inches diameter ; then, if the arch B 
C, or F G, are applied to the ſurface of their 
reſpective globes, the lines A B, ox CD, E F, 
and G H, will become radii from the cen - 
ter of the globe. It is frequently required to 
know what point upon the ſtrong braſs me- 
ridian, or broad paper circle, exactly anſwers 
to a given point upon the globe, and as this 


wi PREFACE. 


tannot be well known by inſpection, on ac- 
count of the neceſſary diſtance of theſe two 
Circles from the ſurface, if the corner B or F 
be applied to the given point upon the globe, 
de edge of the card will exactly mark the * 
gree or part of the degree required. 


For elevating. the pole exactly, the WAY 
be laid upon the broad paper circle, and its 
edge applied to the ſtrong braſs meridian, by 
which means the degree, and parts of a degree, 
may be aſcertained with ſufficient accuracy. 
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b gro V. Which” 15 72 
vedly eſteemed the mo noble and 
"exalted branch of Hünlan fiteratire, 
regards the various phebotichd of thole 
Nea bodies, which the invention, of 


curious Sinner hath' brought within our. 


obſervation, from the lurflce” of the ter r 


reſtrial globe. tA OE! 5 


RN ls Le . s 2 
It diſcovers 3 us their fituation, * 


- fades, diſtances, and motions ; ; and enables 
us to determine with. Feber the Jength 
of years, months, and days,” afid to account 


la SOLAR 5 SYSTEM. 


for the vieittades' of the ſeaſons ; and, in 


1. word,” explains whatever falls "within Nr 
B con- 


ey: A cue View | 


8 as the proper. e of this 
uſeful and intereſting ſtudy. | 


The Solar Syſtem 


„ Conſiſts of tie Too, (from which it 

receives its denomination,) fix primary, 
ten ſecondary planets, and the comets. 
Theſe; with that collection of innumerable 
ſpherical, bodies which. compoſe the pniverſe, 
are called the "fyſtetn of the world; all 
which appear to the inhabitants of the earth 


as if they. were within one 98 eee, 
cave ere. vibav ÞL 
., The es ies Sb fs 


poles the ſun 5 in the center, haying a motion 
'# round its axis, Which! omg leted ; in about 
252 days... This. u ion Was Bay, eee „ 
the revolution f ſe ſpots, which are 
frequently ſeen in its dic, and axe ſuppoſed 
to adhere to, its ſurface ; and its axis is in- 
cliped to the plane of the 8 in an angle 
bf about $74 degrees. 


QJVNADN! TIES in * C3 £55- ; 


Ns The 6x. primary planets. move round 
the A4 ju. .their reſpeive;, elliptical orbits, 
e to eaſt, at. different diſtances, mw 


p45 > 


Ld 


— 4 
—- 2 


— ; 


in various periodical: times Their mames 
and characters, in the order in which they 
tevolve about the ſun, ne 
and arb ds, follohts : 


uni ach bavor vom 02. bSlooguth oi yads 


een en. Mars, Js: Salem. 
Wia, 8 J os .9. I 5 . * 2c} My "Fi d... 


The planets ate ifi gie from 
the 4 I by. + by their motion, and the 
1 of their i he. The a pparent dia- 


af 


eter of the rec TY is ſo ſmall, by rea- 
fo of their. immenſe Giftance,! that every 

all atom ffoiting in our atmoſphere in- 
tercepts their light, and cauſes them to 
twinlelg. But that pt che planet being 
greater, as are nearer to ny: they _ 
with ia Ready lig. & iT 28 
ge Thel fixed — * places: 12 
diſtances; with reſpeit to each other, but the 
plariers ehange thieirs; fiom one part of the 
heavens to anothgeoitgills 31 womb youth 
58. Same of the piimaty platiets are at- 
tended with ſmaller called ſecondary pla- 
nets, moon, or ſatellites. Our earth is at- 
tende by the moon? Jupiter by four, and 
Satara hy ive ſutellitet; the nine ſaſt are not 
_ without the aſſiſtance of a teleſtope; 

{0 0 B 2 7. The 


4 A Comprebenfive View 
- 7. The obſervation of comets, ſeen, ſome- 
times within the limits of the {ola + ſyſtem, 
bath? been hitherto. ſo imperfect, hat we 
ſhall only take notice for the preſent, that 
they are ſuppoſed to move round the ſun, 
in” very "ectentric orbits, and appear to us 
only wheh they are in that part of their or- 
bi neareſt . the ſun: they move in various 
directions and inclinations; F the lower, part 
of- 574 of theſe orbits i 18 repreſented | in fig. 2. 
* As the, ſun has a number of planets and 
comets. moving round him, o every fixed 
Kar i 18  Tuppoſed to be A his and tc to RV 5 
ſyſtem of its own 95 


11 py rh 2245913 


The "orbits ir the Vince!” 


- 
w " 


. Sl + 
8. The path deſcribed by a planet. in its 
motion round the ſun is called its orbit. 
In fig. 2. their ſeveral Nee ur vy 
by! concentrie circles; the paths which 
they deſcribe” are elliptical, and the ſun is 
im one of the foci. In fig: 3. TP is 
an ellipſe, A P its tranſverſe, VT. its con- 
zagate diameter; S. and N. arc its two foci, 
C:is che centre of the ellipſe; the diſtance 
between — orC one He Te 


vicity.” 3.307 22 2 32 11-3069: 
dT, £4 9. The 


Rte Sala e og 
g. The orbit of every planet is in a plane 
paſſing through the ſun, which planes are 
metined to 6he another: thus in fig. 4, let 
ABC repteſent the eatth's! orbit, ort plane 
6f the beliptic; this is taken for a ſtandard, 
from which the inclination of each orbit of 
the plariets, as EDFB; is meaſured. The 
inclinationg of the orbit or Mercury 4 Is 68, 
52 that of Venus 3“, 33“, of Mars 19, g2!; 
of Jupiter x?\;20'; And f Satirn: a? „30. 
10 Toi an ſpectatotr ſtom the ſun, t 
planes of the orbit of each planet produced 
to the fixed ſtars would mark, in the ces 
leſtial ſphere, their ſeveral inclined helio- 
centric otbits; their paſſage 3hrough. theſe 
is their N motion. Theſe extend. 


w a a” 4% 


cel, is a called — e. motion. 
11. The latitude of a planet ſeen from 


ud earth,” 1 is; called, iits., geocentric; if ſeen 
_—_ 55 fan, its heliocentric, latitude. 


"The, nodes of. a planet's orbit 
12. Are two-points in which it inter- 


cen the lay of the lfte. In fig. 4. 
B 3 ABCD 


ABCD is the plane of the ecliptic; EBF D 
is the orbit of a planet, in whicb:the points 
B and D are the two nodes. - 1 7 — 
ing, D the deſcending node; the point 'E 
is called its greateſt natthern, and Ml ity 
hom ſouthern limit. Mi Scl 421d vw 
. The line: of the nodes is a line BD N 
are through we en pan e 5 
the other. 0 0 find 1 | 
A planet, ſewn 125 the 1 Never. aps 
in the ecliptic, but when it ĩd in one 
f its nodes: in e een 
en So Þ3.3 212 G2 
1 nien ie qt 1613121 


The inferior planets dings 


Sw # xt 4 


led inferiot,.. becauſe their KITE are in- 9 
e Within that of the eth; ſee big. 2. ö 
— Fl h balls 21 125012 

H 646) Mercury , A d F i 
15. Moves found the ſun in 970 23 h. 
16 m. Which is called his periodical time. 
If we call the mean diſtance of the earth 
from the fun 1000, "the mean diſtance of 
Mercury is 387. his eccentricity 8o. No 
„nb Have yetibeen”« obſerved. in Mercury; 
there- 


lte Salt Sytem. 8 
therefore it is not certainly known whether 
—— turns about his axis or not; but it is 


moſt. gane * . 


— 


-- 


Venus : 


am oni mon o n Ut 21 01 

16. Performs. her ache: found] the 
40 in 224 d. 16 h. 49 m. Which is called 
her periodical time; her mean (diſtance; ĩs 
724, and her eccentricity ; her motion 
about her axis is performed in 24 days, 8 
hours, according to Bianchini i; and che in- 
clination of her axis to the plane of the 
n is 15 degrees leo F n ins 0 

17. The greateſt. diſtande of the earth, or 
of any planet from the ſuns ĩs called its aphe- 
lion, or higher apſis; its leaſt diſtance is 
called the perihelion; or lower apfis. Thus 
in fig, 3. A is the place of the aphelion 
chat of the perihelion. | Thezagis PA ef 
planet's ellipſis, is called this line ef the 
apſides ; the extreme points of its ſhorteſt 
diameter TV, are the places of its mean 
diſtance from the ſun; and 8 T, or SV, 
the line of its mean diſtanctee. 
18. A planet is faid to be in dete 
with the ſun, when its apparent place, ſeen 
from the carth, is in or near the ſun's 
£1935 B 4 place; 


— 


plants when a wy drawn from the 


\ 


8 A Comprehenſive Yinw 


place ; it is ſaid to he. in oppoſition, when 
the carth 18 between the ſun and planet. * 


42; GH 15 41 videdena Roc 


The elongation of a planet 


19. Is its apparent diſtance from the ſun, 
25 {cen from the earth. A planet has no 
elongation when in conjunction with the 
ſun; in oppoſition, it has 180 degrees. In 
ſig· 5. t Pt repreſonts a part of the-earth's 
orbit; T the earth, S the ſun; ACE an 
arch of the ſtarry ſphere, and d the place 
of Venus in her orbit. A ſpectator upon 
the earth at T would refer the fan's: place 
to thoſe. fixed ſtars at C, and that of Venus 
to thoſe at D: in this caſe the angle C TD 


5s the; apparent diſtanęe between the ſun and 


Venus, and is called the angle Helder 
von. 1 * 10 5 4d! ND 

ue. 40 inferior planet-may be in cots 
Junction with the ſun in two ſituations; 


2. hen it is between the earth and the 
fan, called the inferior conjunction; 2. when 


the ſun is between the earth and planet, 

called its ſuperior conjunction; but it can 

never be in pppoſition to the ſun. 
21. The greateſt elongation of an inferior 


earth 


; 


J 


earth at T, dt ny at ie 
tangent to the orbit of the planet. {3 
5422. As an anferior planet moves * its 
greateſt [elongation at a, fig. 5. through e: 
its fuperior conjunction, to e, its greateſt 
elongation on the other ſide e its 
geocentric motion is direct. 614 3 

14 23. When the earth is at 5. van at a, 


a. ſpectator at I ſees the planet at a, in the 
line Ta A among the fixed ſtars at A; 
hem the planet is come to b, it appears in 
thei line I b B, or amongſt the ſtärs at B; 
at c, it is in its ſuperior conjunction, and ſee 
among the ſtars at C; at d, it appears among 
the ſtars at D; and when it arrives at e, 

appears among thoſe at E. In this motion, 
Venus appears to deſeribe the are A BC DE, 
in the concave ſphere of the heavens: and 
as theſe letters are in the ſame direction with 
a bed e, which expreſs the planets motion 
round the ſun, its apparent motion ſeen 
from the earth is therefore direct, from 
welt to ane n- g to "_ order of 


8 4 


24. iy inferior planet als from e, its 
greateſt clongation, through f, its inferior 
conjunction to a, its greateſt elongation on 
41.8 e 


pO A Comprehenſive View 
the othet ſide of the w. 8 
tion is retragrade- unte! 

As Venus is moving e . n, ſhe 
appears in the line Tn d D, and is ſeen 
among the ſtars at D; when ſhe comes to f, 
ber inferiot conjunction, ſhe appears amongſt 
the ſtars at C; at m. ſhe is ſeen in the con- 
cave ſphere at B; and when ſhe is at ag in 
her on orbit, ſne appears at A, in the hea» 


vens. Hence, as the planet paſſed through > 


entma,.in'its; natural motion, its apparent 
motion was backwards through ED CBA, 
or contrary to the order of the ſigns. 
25. When the inferior planets are at their 


greateſt elongation, they appear ſtationary, 


or continue in the ſame place for forme 
time, , before. their motion changes from 
direct to retrograde, or _ e 9 to 
direct ag an.. 

4 The time of che ett Ae 


26. In order to have a clear idea of the 
apparent motion of a planet, conceive the 
lines T a A, I b B, &c. to move with the 
earth; {© that the points e nt ma, . whilſt 
the earth performs its revolution, may run 

. * orbit of the planet. 
27. The 


is about 40 days; of Mercury, 18 days. 


be Solar. Sem. 1 


27, The inglination of the orbits of the 
on to the plane of the /ecliptic, is the 
cauſe, why. they: do not ſeem to move in the 
ecliptic line, but are ſometimes above, and 
at others belo it. In fig: f. let N VNA 
be a citcle in the plane of Tit the ecliptic, 
and N A N, the planet's inclinect orbit, & 
the fan, the earth at T, and the planet at 
Az if the ſhort line V-A ..be. imagined perr 
pendicular to the plane of the ecliptic, a 2 
to pals through the planet at A, the ang 


is called, the . geocentrie latitude, to diflin- 
it from the heliocentric latitude, as 

n from the ſun, Which Is Teprelented by 
the angle. ASY. by e 
28. When, a planet is in the node at N. 
it appears in the ecliptic line; as it recedes 
from thence its latitude increaſes; and this 
is different, according to the ficuation of the 
earth ; fo, that the latitude is greater when 
the e is at —— and the planet at A, than 
when the earth is at t, and the planet at V. 

29. K planet is ſaid to be in quadrature 
when it is o degrees diſtant from the ſun ; 
the inferior planets cannot be in quadra- 
ture, as their greateſt clongation can never 
| be 


fs 4 Cjrebortoe View 


be '2 right angle; therefore they never ap- 
pear far fromthe ſun; for Venus and Mere = 
cury are only ſeen in an evening towards 
the weſt, ſoon aſter ſun-ſet, or a little be- 
Sore the ſun ſes in the motning. The 
eateſt elongation of Mercury ter © 17 000 

1 of Venus: 48 degree. 

Wo As Vet moves from ber Gele 
to et inteflber conjunction, ſhe ſets aſter 
the ſun, and f is called the evening-ſtar; 
and as the 3 is moving from her inferior to 
her ſuperior conjunction, ſhe riſes before che 
fim, and is called the motning-ſtar, 5 21 

31. The Tub, being larger than any 
Planet, enlightens a little more chan an 
hemiſphere; and as we can only ſee Haff 
2 planet at once, that hemiſphere which 
"we ſee is called the diſc of the planet. The 
inferior planets are not yiſible to us, when 
in their inferior conjunction, but their Whole 
diſc is illuminated in their ſuperior con- 
junction: and when chey are in one of their 
nodes, they appear on tlie diſt of the ſun 
like a black ſpot; and this 4s'6alled; a tranſit 
of the planet 1 + the Giſe of the ſun. 
"As the enlightened hemiſpheres of the in- 


_Ferior planets are ſometimes more, at others 
leſs, 
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leſs, turned towards the earth, they appear 
through a teleſcope to hate ja the N 
of che moon 

5232. When Venus 15 6 g 0 
horns are turned, towards the caſt, and the 
ſun ſets before, and to the weſtward of 
her. When ſhe is a morning: ſtar, her horns 
are turned towards the weſt, and the ſun 
riſes after, or to che eaſt, of her; in both 
cales, the horns are always turned from the 
ſun. When ſhe is at her greateſt elongationi 
half the enlightened - hemiſphere. will face 
the earth, and her diſc appear as: the moon 
does in the quarters; but when in any part 
between that and her inferior corjunction, 
ſhe appears horned, and between her greats 
eſt elongation and ſuperior finn bes 
appearance. is gibbous. 485. 

33. What has been fiid 8 
Venus, is alſo true with reſpect to Mer 
cury, with this difference, that he is direct, 
ſtationary, &c. ſo much more frequently, 
as his revolutions round the ſun. are per- 


ſad in a ſhorter ſpace 0 of time, 
WAS, The earth. 
04. The apparent motion * the ſunz 


Te 
2401 ariſing 
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ariſing from the earth's annual motion in 
its othit, is as follows: In fig 7. S repre- 
ſents the fun, T, the earth in its orbit T x; 
and RQ che concave ſphere of the fired 
ftats. Whilſt the earth i mboing in its orbit 
from T to t, the ſun ſeems to move tlito 
the ſlarry arch from Q to R "which meas 
ſures ther angle RS Q, eq to the angle 
St, ſo that the eclerity of the apparent 
motion of the ſum depends upon the ee- 
leriiy of the angular motion of the carth} 
with reſpect- to che center Ef the fon. In 
4 Whole revolution of the earth, the ſun 
alſo ſeeihs'to fr tough à Whole cirele. 
35, The earth rhoves "found dhe fit 
between he efbüs ef Venus" aud ars 
in 365 days, 5 hours, 49 minutes.” Befides 
this annual motion, it torts round its ownt 
axis in 24 ſolar hours; its Axis g Conſtant 
welded in an ahgle er 861 degrees to cu 
plane of the earth's" orbit, ör the Echiptic, 
and keeps continually paralict- to tel 1 
Every part of its revolution. over erf 2 
in fig. F. 8 repreſents the fun, ABC 
the orbit of the earth; in the periphery of 
which, the center of the earth is carried 


found the ſun, according to the order of 


— = * 


14 A Comprebonſov? Vico ; 
ariſing from the” earth's annual motion int 
its othit, is a8 follows: In 88.7. 8 repte- 
ſents the ſun, T, the earth in its orbit T t. 
and RQ. the- concave ſphere of the fixed 
ſtars. Whilſt the carth is mbving in its orbit 
from T to t, the ſun ſeems to move tliti 
the ſlarry acety from Qt R, wWtnch meas 
ſures ther angle RS Q, eq to the angle 
8 t, ſo that the eelerity bf the apparent 
motion of the ſut) depends tpor the” ee- 
lerity of the angular motion of tlie earth, 
th reſpect- to the center Ef che fon. In 
4 Whole revolution of the earth, the ſun 
alſo ſeems to Tf through '{ Whole cirele. 
35. The earth mobes found the fit 
betten the 6/bits ef Venus and Mars; 
in 365 days, & hours, x9 thinttes. 'Befides ; 
this annuaF motion, it tütns round its ownt 
axis in 2x 1 ſolar hours; its Alis conſtantly 
melmed in am angle of 661 degrees to the 
plane of the ME orbit, ör the Echptic;, 
and keeps continually: pitaliet”t to elf in 


Every part of Its revolution. 


in fig. 8. 8 repreſents che fun, Ae 
the orbit of the earth; in the periphery of 
which, the center of the earth is carried 


tound che fun, according to the order 2 ; 


© 1 - . 
* 54. * 
* 
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the figns, or in confequehtia, s & te- 
preſents the equimoctial colure, S 8 vs; che 
folſtitial colure ; We eircle in each, a be d- 
repreſents the eabth in the four cardinat 
points of- its orbit; in Which dee ſcparates 
the enlightened. part e bd of the earth's 

diſc, from d Xe, Heoblears part of i it, 
is 


2 "The plaiie of the earth's annual orbi 

AB OD, extendeti-every way tö the ſph 
of the fixed ſtats world' deſcribe the cc? 
| Rfbial ecliptic; which wbüld coincide WI 
5 ths terrefttial ecliptic, here Tepreſerited' by 
each of the cirtles a be d; x Which e is 
the pole ef the ecliptie, P the pole of tlie 
world, ol öf die equator; ir alf thefe' pres 
FJections, æ is the equater, t the tropſc f 
Canter; I che path er veffek of London; 
and the kireles cutting el othet in Pt 
| pole of the world, ate Citttes of x; it afce < 
fon in the celeſtial, and of tongit iu e 
tstreſtrial Iphere. 19 10 nor AC 4 

36. As the fur al\#ays" "eilightens vile 
| half of the earth's globe at the Bike time, 
_ the line d c, — divides the illuminated 
trom the obfcüfe patt of tlie 'carth's'diſe, 18 
| called che ede bf dhe ed ci 


nach il: nul 003. ATE. 2: (NE. a0 
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26, A be 
Pa; Pd, PN Pe, nepreſent:fo much uf 
the earth's axis as falls within theſe pro- 
jections; theſe may be called the line of 
direction af the earth's Axis, Axis, which i is con- 
ſtantiy carried round the annual a al- 
ways parallel to itſelliff. 
37, The inelination & the (earth's axis 
will be better underſtoocd by obſerving 
fig. 9. i in which ABCD repreſorts the 
earth's: orbit, ſeen at a diſtances, the eye 
ſuppoſed to be elexated 4 little above, the 
plane of it. The earth is here repreſented 
in the firſt point of each of the twelve ſigns, 
as; marked in the figure, with ther twelue 
months annexed: e the pole, and e di the 
axis of che ecliptic, always perpendicular to 
the plane of the orbit. P the north Are 
of the world, P.m, its. axis, about which 


the 1 255 motion is mage from welt 


L432 SS Sa 


—— "Which preſerves . its Paallelim 
chrough every part of its orbit. #4 

38. When the earth is in the firſt point 
of Libra, the fo. then appears in the op- 
poſite point of the ecliptic at Aries, about 
the 22d of September, N „S. auch when 


the earth is in Aries, the ſun will then 
3 4 | appear 
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appear in Libra about the 1 gth of March 3 
at which times of the year the edge of the 


enlightened hemiſphere is parallel to the ſol - 
ſtitial colure, fig. 8. and paſſes thro the two 


poles of the world, dividing every parallel 


to the equator into two equal parts; whence 
the diurnal parallel of every inhabitant on 
the ſurface of the earth will, at either of 
theſe ſeaſons, be half in the illuminated, 
and half i in the obſcure part of the earth; 
conſequently. the day and dag will be 
equal in all places. | 

309. Conceive the earth to ties loſes 
from =. Libra to Capricorn; its line of 


direction keeping its paralleliſm . will now 
coincide with the ſolſtitial colure, fig 8. and 
the edge of the diſc will be perpendicular 
thereto, and paſs through e, the pole of the 


ecliptic. In this ſituation of the earth, all 


places within the northern polar circle are 
illuminated throughout the whole diurnal 
revolution j at which time their inhabitants 


ſee the ſun longer than 24 hours; but thoſe 


which lie under the polar circle touch the 
edge of the diſc, and therefore their inhabi- 


tants only ſee the ſun flim quite round their 
e at its firſt appearance; every other 


E parallel 


18 A Comprehenſove View 
allel interſe&s the edge of the diſc z and 
as the illuminated part of each is much 

ger un Er dere uct” the Wh e 

conſequently' at this ſeaſon,” of the” ſum- 

mer ſolſtice; which happens about the 21ſt 

&f June, longer than the nights. While 

the earth is moving from Libra, through 

Capricorn to Aries; the north pole P, being 

in the illuminated hemiſphere, will have fix 

months continual day; but while the earth 
paſſes from Aries through Cancer to Libra, 
the north pole will be in che obſcure purt, 
and have continual night; the ſuuth pole of 
the-globe at n EN pals Mi con 

n day. ub, 

3 29e. When e aal i u Gegw . ton 

3 pr at Capricorn. At this ſeaſon 

nights will as much exceed the days, as the 

days exceeded the nights, when the earth 
was in the oppoſite point of her orbit; for 
_ the nocturnal arches, or obſeute part of 
their pathis, are here equal to the illuminated 
parts, when the earth was at Capricorn; and 
the illuminated part is here no mote than 
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Our ſummer is neatly eight days 
longer than the winter. 


41. By ſummer, is meant the time in 
Which the earth is moving in her orbit from 


the vernal to the autumnal equinox ; and 


by winter, the time in which it is pafling 
0 


m the autumnal to the vernal equinox. 


Upon the globe it is evident that the eclip- 
tic * divided into fix northern and fix 
ſouthern 'fighs; and that it interſects the 
Equator at the points marked Y and S. In 
dur ſummer, the ſan's apparent motion is 
through the fix northern, and in winter 


through the fix ſouthern figns ; yet the ſun 


is 186 d. 11h. 51 m. in paſſing thro' the 
fix firſt) and only 178 d. 17h. 58 m. in 
paſſing through the 10 laſt. Their difference 
7d. 17 h. 53 m. is the length of time by 
which our ſummer exceeds the winter. 
42. Ih fig. 16. ABCD repreſents the 
earth's orbit; 8 the ſun in one of its foci 2 
when the earth is at B, the fun appears at 
H in the firſt point of Aries; and whilft 
the earth moves from B, through © to D, 
the fun appears to tun thro the fix notthern 


figns, 8 NS Nm to at F. When the 


C 2 earth 
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earth is at D, the ſun appears at F in the 
- firſt point of Libra; and as the earth moves 
from D-thro' A to B, the ſun appears to run 
thro the fix ſouthern ſigns, n 4 vS= x, 
to Aries at H. Hence the line F H, drawn. 
from the firſt point of Y, through the ſun 
at 8˖, to the firſt point of =, divides the 
ecliptic into two equal parts; ; but the ſame 
line divides the earth's eliptical orbit AB CD 
into two unequal parts, (the ſun not being 
in the center, but in one of the foci of | 
orbit ; ) the greater part BCD, is that 
which the earth deſcribes. in ſummer, whilſt 
the ſun appears in the northern ſigns; the y 
leſſer part is DAB, which the earth de- 
ſcribes in winter, whilſt the ſun appears. in- 
the ſouthern ſigns. C the earth's apheſion, 
where it moves the ſloweſt, is in the greater 
part; A its perihelion, is in the leſſer Parts 
where the earth moves faſteſt,  _ _ 
43: The ſun's, apparent Amte; is greater 
in our winter than in ſummer, cauſed by 
the earth being neater to the ſun, when in 
is perihelion at A in winter, than i it is in 
the ſummer, when in its aphelion at C3 
1 is its Wu ee The ſuns 


- apparens 
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apparent diameter in winter is 32 min. 47 
og in ſummer 3 1 min. 40 fee. / 

If che mean diſtance of the earth ben 
the ſun be called 1000, its eccentricity will 
be 17; its greateſt diſtance 1 and Its 
ee e 983. Weh ag. 


. 
£4 "ft 


The: ſuperior 3 


44. The apparent motions of the ſuperiar 
planets agree in many reſpects with thoſe 


of the inferior ones, which have been al- 


ready explained. 
Mars, Jupiter, and Saturn, . 


- ths called ſuperior planets. See fig. 2. 


45. If the mean diſtance of the earth 
from the ſun be called 1000, the mean 
diſtance of Mars is 1523, its periodical time 
686 d. 23 h. its eccentricity 147, and it 
turns round its axis in 24h, 40 min. The 
planet Mars appears much larger and brighter 
when it is in oppoſition to the ſun, than 
when it is in conjunction with him. Mars 


appears gibbous, when it is in quadrature, 


but full and en in COT" or Fee 


r 
8 i 01 46.Ju- 


» 9 
— ——— —— — —̃́ — — — —— — .f — 


2% A. Comprebenfue View 
46. Jupiter is the largeſt of all the planets, 
tis fig. 13. he reyolyes in h. 56m. about 


his axis, which is nearly at right angles to 
the plane of his orbit, in which he moves 


1 about the ſun in ſomewhat leſs than I2 


years, or 4332 days 12 hours. His mean 
diſtance from the ſun is 5201, and eccen- 
tricity 250. Several ſpots have been ſeen 
on Jupiter's ſurface, which appears to be 
| ſurrounded by ſeveral belts, or girdles, pa- 
rallel to his equator: theſe vary in breadth 
and diſtance from one another. See fig, 1 3. 


47. Saturn i is the fartheſt of all the planets 
from the. ſun ; his mean diſtance i is 9 538, : 
_ eccentricity 547; he is 29% years in moving 
through his orbit round the ſun, or 10559 
days 7 hours. It is not yet known whether 
Saturn turns round his axis or not; but he 
is attended with a broad thin ring, as repre- 
ſented in fig. 12. The edge of this ring re- 
flects little or none of the ſun's light to us: 
the planes of it reflect the light of the ſun 
in the ſame manner in which the planet 
does. The plane of the ring is inclined to 
the plane of the ecliptic at an angle of about 
31 degrees. If we ſuppoſe the diameter of 
Saturn to be-divided into four equal parts, 


f 


. — 24 


| 


| the diameter of the ring will be about nine 
ſuch parts. The diſtance, of the inner edge 
of this ring, from the hody of the planet, 
is equal to the breadth of the ring, Through 
this ſpace, between the planet and his ring. 
the fixed ſtars may ſometimes be ſeen. 
48. The plane of Saturn's ring is parallel 
to itſelf in every part of its orbit. If the 
plane of the ring be produced to the ſpher 
of the fixed ſtars, it will cut Saturn's helio- 
centric orbit in two oppolite points, called the 
nodes of the ring. As Saturn paſſes from the 
aſcending to the deſcending node of his ring, 
the northern ſide of the plane of the ring 
is turned towards the ſun; as it moves from 
| the deſcending to the aſcending node of the 
ting, the ſauthern ſide of its plane is to- 
wards the ſun, When Saturn's ring appears 
_ elliptical, as in fig. 12. the parts abqut-its 
longeſt axis reaching beyond, the planet's 
diſc, are called az/#, which a little before. 
and after the diſappearanee of the ting, are 
unequal in magnitude. When Saturn is in 
the heliocentric place of either of the nodes 
of his ring, its plane produced paſſes. thra 
the ſun, and then the ring becames invifiblo 


to us. 
C4 2 The 
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The ſuperior planets are ſometimes in 
conjuntiien with the ſun, ſometimes in qo 
12 and ſometimes i in oppoſition. | 0 

49. When the earth i is in ſuch a ſtation, 
char? a line drawn from a ſuperior planet to 
the earth becomes a tangent to the earth's 
orbit, the ſuperior planet appears ſtationary. 
If the earth be at a or g, fig. 10. or 11. and 
the planet at I; T's,” and I a, are tangents to 
the earth's orbit; in which places the planet 
ſeems to ſtand ſtill, or to _ no | roma 
tric motion. 

50. When a ſuperior e fig. 10. is 
moving from one of its apparent ſtations A, | 
through its et -0oiEn D to G, its pee” 
tric motion is diredt. 


Fig. 10. Whilſt the earth is moving from 
a, through d to 8, a ſuperior planet at I, 
appears to move in A D G, the concave 
| ſphere of the heavens, from A, through its 
conjunction D, to ĩts other ſtation G; whence 
its apparent motion ſeen from the earth is 
direct, or in conſequentia, which is from 
weſt to eaſt, according to the order of the 
Hgns, 4 

51. Obſerve in fig. 10. that one * a 
of the line a I A, drawn from the earth at 
4 % : 2, 
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2, , throogh the planet's place at I, to the 
eoncave ſtarty ſphere A D G, attends the 
earth, as it moves through. abcdef gz. and 
the middle of it is ſuppoſed to turn. round 
upon the planet as a center at I, the other 
end A will then mark out the planet's ap- 
parent motion in the heavens. 80 that the 
arch ABCDEFG, will be that which the 
planet appears to deſcribe ;- and therefore 
the order of the letters expreſſes | its motion 
in conſequentia. 


52. When a ſuperjor planet is i 
from one ſtation to the other thro the oppo- 
ſition, its geocentric motion is retrograde. 

As the earth is paſſing from g, fig. 11, 
through k to a, the planet at I appears to 
move from G, through K its oppoſition, to 
A; in this caſe, the apparent motion of the 
planet at I, ſeen from the earth, is retro- 
grade, or in antecedentia, that is, from caſt 
to weſt, or contrary to the order of the 
ſigns. If the end g of the line g G, fig. 11. 


attends the earth through gmlknha, and 


the middle of this line turns round upon 
the planet at I, the other end G vill de- 
ſcribe the arch GMLKNHA, which is 

contrary to the order of the letters in fig. 10. 
and ther efore retrograde. 


53. The 
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$3 The time of the retrogreſſion of Mars 
is about 3 months; of Jupiter, 4 months; 


and of Saturn, 44 months. 


The planets viewed through a teleſcope 
are ſtripped. of their adventitious rays, and 


appear like circular planes, of a determinate 


magnitude, whoſe diameters may be mea- 


ſured by a micrometer. 


54. The ſuperior planets are ſometimes 
nearer our earth than at other times; whence 
they appear larger or leſs, according to their 
different diſtances from us. And as they 
are nearer to us than the fixed ſtars,” they 
may paſs between us and ſome of the ſtars; 
and as they go round the ſan in orbits larger 
than that of the earth, they always turn 
much the greateſt part of their illuminated 
hemiſphere towards the earth, and therefore 


appear at all times round, or full, except 


only Mars, which in the A 5 5 3 
little gibbous. wi 


The ſecondary Nats 


z. Three of the primary planets, viz. 
the Earth, Jupiter, and Saturn, in their 
revolutions round the ſun, are attended with 
* planets, Which move 0 each o* 
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their reſpective primaries, Wenn to the 
order of the ſigns. 


The Moon 
56. Moves round the earth in an orbit, 


whoſe ſemidiameter i is about 604 ſemidiame- | 


ters of the earth ; its eccentricity 34 of the 
earth's ſemidiameters, the plane of the 
earth's orbit, produced to cut the plane of 
the ecliptic, makes an angle with it of about 
51 degrees. T he points wherein it interſects 


the ecliptic, are called the moon's nodes; - 


theſe nodes have a flow regreſſive motion 
of 199, 19', 43", in a year, which carries 
them round the ecliptic, contrary to the or- 
der of the ſigns, in 18 years 234 days. The 
moon's periodical time is 27 d. 7h. 43 m. 
and her rotation round her axis is performed 
in the ſame time. Her eccentricity and in- 
clination are both variable. The orbit which 
the moon deſcribes round the earth is ellip- 
tical, the earth being in one of its foci; 
and when the moon is at her greateſt diſ- 
tance from the earth, or in her higher apſis, 
ſhe is ſaid to be in apogeo; and when in 
her lower apſis, or leaſt diſtance, in perigæo. 


57. When 


28 A er plank. ve View 
"ty, When the moon is at A, fig. 14. 
in conjunction with the ſun at 8, and the 
earth at T., it is called New Moon; and 
when in oppoſition at E, it / is called Full 
Moon. The ſyzigies of the moon is a 
common term to expreſs both its conjunc- 
tion and oppoſition. 
58. The moon's aſcending node is called 
the Dragon's Head, and is thus marked g; 
its deſcending node the Dragon's Tail vy. 
59. A periodical month contains 27 d. 
7 b. 43 m. in which time the moon de- 
ſcribes her orbit; a ſynodical month con- 
tains 29 d. 12 h. 43 m. 3 ſec. which is the 
time that paſſes between one new or full 
moon, and the next of the ſame name 
which ſucceeds it; this is longer than a 
periodical month about 2 days 5 hours. 

60. In fig. 15. S repreſents the fun, A B 
part of the earth's orbit, M L repreſents a 
diameter of the moon's orbit, when the 
earth is at C; and m! another diameter, 
parallel to ML of the ſame orbit, when 
the earth is removed to D. Whilſt the earth 
is at C, and the moon at L, in conjunction 
with the ſun, as the earth moves fram- C 


to D, and the moon's orbit moves with it, 
the 
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the diameter M L will then be in the po- 
ſition ml; ſo that when the moon has de- 
ſeribed its orbit it will be at I; but then the 
ſun being at 8, the moon will not yet be in 


conjunction; therefore the periodical month 


is completed before the ſynodical, and be- 
fore the moon can come into conjunction 
with the ſun. When the earth is at D, 
ſhe muſt move from 1 to e, in the diameter 
ge; whence, beſides going round her or- 


bit, ſhe muſt deſcribe the arc 1 e, conſe-. 


quently the fynodical is longer chan the 
periodical - won by the quantity of the 
arc Je. 


61. We do oo ſee the moon at d con 


junction, but at the oppoſition her whole 
diſc is enlightenedt. 

In fig. 14. a Tb repreſents a part af 
earth 's orbit, S the ſung I the earth, ACEG: 


the moon's orbit. If the moon is at A, it 


will be on the ſame ſide of the earth with 
the ſun, or in conjunction; and the ſun will 
then be beyond the moon: therefore the 
ſun does not ſhine on that hemiſphere of 
the moon towards us; whence to us her 
whole diſe 1 be dark. 07 nan 


1 


62. When 


* 
= 
- SV ro _ = 9 ——— — 


| . 46 A Comprebenſro* View 
| 62. When the moon is at E, it will be 
in oppoſition; and the earth between it and 
the ſun; conſequently that hemiſphere which 
is viſible to us, will be the ſame hemiſphere 
upon which the ſun ſhines, therefore her 
whole diſc towards us will be menen 
or the moon will be full. q 
| 63. Fig: 14. The moon's diſc is half 
| enlightened when ſhe is near the quadra- 
tures at © or G, her apparent diſtance 
from the ſun at 8 being then 90 degrees: 
F when the moon is between the conjunction 
| at A, and either of the quadratures G or C 
3 the illuminated part of it appears horned; 
| as at H and B. When between the full at 
| E, and the quadratures G or C, the diſc 
| appears -gibbous, as at D and F. When 
wee moon is at A, it is new ; as the moves 


\ from A 10 C, it is faid to be in che firſt 
? quarter; from C to E, in the ſecond quar- 
ter; from thence to G, in the third quar- 
ter; and from G to A again, in the laſt 
_ *  Aﬀeet the new moon, her horns are 
turned towards the caſt, and before new 
moon towards the weſt; and when ſhe is 
horned, that part of her diſc upon which 
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the ſun does not ſhine, has yet I I eh enough 
to make it faintly vifible. 
e ſame fide of the moon is always | 
turned towards the earth, and her ſurface 
is not ſmiboth, but uneven and mountainous, 
as may be ſeen with the aſſiſtance of a te- 
klcope, either” 1s the firſt or laſt quarter. 5 


The ſatellites of Jupiter and Saturn. 
64. The diſtance of Jupiters innermoſt 


. fatellite from bis center is 5.667 ſemidia- " 


meters of the planet ; the ſecond, 9.017 3 
the third, 14. 38453 gs the fourth, 255 299 
ſemidiameterts. 

"The. periodical time of Jupiter's Kill 
fatellite is 1 d. 18 h, 27 m. 34 ec. The 
ſecond is 3 d. 13 h. 13 m. 42 lee... The 
third is 7.4. 3 h. 42 m.-/36, ſee. And the 
fourth is 16d 16 h. 32 m. 9 fec. 

65. The plane of the orbit of every 30 
condary planet is parallel to itlelf in every 
part of the orbit of its primary. The orbits 
of all Jupiter's fatellites are nearly, but not 
exactly, in the ſame plane; which produced 
makes an angle with the orbit 01 Jupiter 
of about 3 degrees; the ſecond deviates_z 
little from the reſt. ne: 

66. A 


\ 
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66. A ſatellite in one of its nodes appears 
in the orbit of its primary: in all other | 
parts of its orbit it has latitude,  _ 
If the plane of any circle produced paſſes | 
through the eye, it appears to be a ſtraight 


line; conſequently every circle, viewed ob- 


* 


Iiquely, will appear elliptical; fo that 


When a fatellite is in its node, at the 
ſame time that its primary's heliocentric 
place is in the ſame degree of the ecliptic 
with it, and the earth 1 in its geocentric node; 
at that time the orbit of the ſatellite appears 
a ſtraight line. When the primary is in any 1 
Scher part of his orbit, the ſatellite's orbit 
will appear an ellipſis, whoſe ſhorteſt axis 


© Increaſes in proportion as the , Primary is 


farther diſtant from tlie fatellite's node. 
The orbit of the earth is ſo ſmall, when 


| compared to thoſe of Jupiter and Saturn, 


that in whatever part of her orbit ſhe may 


happen to be, when cither of theſe planets 
are in the nodes of their ſatellites, theſe laſt 
will appear to deſcribe lines 24 nearly 


ſtraight. 


67. When a ſatellite i is in, \ ſemicirele 


ch is fartheſt from the earth, its geo- 
centric motiori is diroct; when it i is in that 


neare 
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ndareſt to the earth, its nene motion i 
retrograde. UC. 
Any ſatellite is at its grenteſt ongttion 
From: its ptimaty, When a line; ſuppoſed to 
be drawn from the earth through the fatel- 
Ute, is a tangent to the {atellite's orbit. 

In fig 17. Ba C repreſents a part of 
| r. orbit, NALM che earth's orbit; 
S the ſun, DG H the orbit of Jupiter's 
outermoſt ſatellite. When the earth is at 
A, and tlie ſatellite at E or D, in the 
tangent line AE or A D, then this fatellite; 
ſeen from the earth at A, will appear at a 
greater diftance from the primary, than it 
can do in any other ſituation. 

68. Every ſatellite appeats in conjunction 
with its primary, when it is between the 
earth and its primary; arid alſo,” when tlie 
| primaty-is between the earth and ſatellite; 
the firſt k cath (Eat the aft its fu | 

perior conjunction. aſs 
* © The apparent motioti of any fatellits is 
direct, as it paſſes from D, fig. 195 its greateſt 
elongation, through P, its ſaperior con- 
junction, to E; its greateſt elongation on the 


other ſide; its geocentric motion ſeen from 
* earth at A, being then from welt do 


5 eaſt; 
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eaſt,//4n: conſequentia, or | nnn 
order of the ſigns. r 


Any ſatellite's apparent — is retro- 
grade, as it paſſes from Eg, its greateſt 
clongation on one ſide of its ehre 
, the inferior conjunctiom; to D, its greateſt = 
elongation on the other ſide; it ĩs therefore 
plain, that its inction ſcen fone the earch 
at A, is ſtom caſt to welt; u antetediiitic, 
or contrary to the order of the ſigns. 
69. The ſatellites are ſeen ſometimes to 
che weſt, and ſometimes to the caſt of heir 
reſpective Primaries :; they cannot be feen 
in their ſupetior conjunction, and are-fel- 
dom diſtinguiſhed; from their Penny: in 
their inferior conjun dio: | 
0. The diſtance of - Saturn's inst | 
ſatellite from the center of the primary, is 
1,93 ſemidiameters of the ring, the ſecond 
247, the third 3,47, the foutth 8,00, and 
the diſtance of the fifth 23,4 2 
of che ring. * 
Aae — ume of e ine 
moſt fatellite' is 1 d. 21 h. 18 m. 27 obs 
The ſecond, 2 d. 17 b. 41 m. 22 ſec. The 
third, 4 d. 12 h. ag m. 12 ſec. The fourth, 
wg 22 h. 4¹ m. Te And the fifth 
2 1 ſatellite's 


as ps ne 4 34. N b. 
m ©3414 231 
. 449% Fs. belief Jupiter and bebe | 
cal a ſhadow. upon their primary, which 
may be ſeen to paſs over the difc-of the 
planet like a ſpots they alſo frequently fall 
into the ſhadow of their primaries; and are 
. edlipled ; which may be obſerved by-the 
help of « teleſcope; 12 

72. Fig. 12 13. repreſent the difibeent 
maguivades of the primary and ſecondary 
planets, with the proportion which they 
bear to each other, and to a globe of twelve 
Inches diameter, Seger ng 0 rel 
nen, | 15 
eee 


[+ 73. — their 1 
when viewed from different ſtations. 

The diurnal parallax is the change of the 
apparent place of à fixed ſtar or planet, of 
of any celeſtial body, arifing from its being 
viewed on the ſurface,” or from the center 
of the earth. The fixed ſtars have no diut · 
nal parallax, the moon 4 conſiderable one: 
eee e e N r 
ing to their diſtances. 
D 2 54. In 
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+154. In fig. 18. IAK repreſefits the earth, 
T its center, A B the ſenſible, T-E the 
real horizon of a ſpectator upon the earth 
at A, M the moon; S. the ſun” both in the 
ſenſible horizon: if ſeen from A, they will 
appenr in the horizon at B; but! H ſeen 
ſrom T, the center of the earth; they will 
appear amongſi the fixed ſtats at C and D; 
that is, the moon would appear in the line 
TMD, and the ſun in the line TSC: 
theſe are called their true places; che aren 
BO is called the ſun's parallax, and B D 
that of the moon. The angles BS C, and 
BMD; are called the parallactie cles 
which are reſpectively equal to the angles 
AST, and AMT; under which, AT, 2 
ſemiciameter of che earth paffing thro A, 
the place of the ſpectator, b e 


5 if ſeen from the ſun or moon. 


<7 If a planet is above the OY at 
E, Ks true place ſcen from T, the center 
of the earth is at F, its apparent place at G, 
undd its parallax is FG. Hence it is plain, 
that the higher: the" planet is elevated above 
the horizon, the leſs is its parallax; and 
when it is directly over the head of the 
W at H, it wil * no parallax at 

7 b *. all; 
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all; its apparent place in the heavens being 
Z, Whether it be ſeen from A or F. It is 
obſervable, that the apparent place Gyof. a 
planet at E, ſeen ſtom the earth at A, is 
always lower or farther! from the zenith Z, 
than F, its true place ſeen. from T. except 
when the planet is vertical, or at H ſo that 
the horizontal parallax is greateſt of all. 
76, The diurnal parallax of a — * 
a vertical circle cauſes one of riglit aſcen- 
ſion and declination,” unleſß it be on- the 
meridian, when there is only a parallax, of 
declination : it allo cauſes a parallax of lon- 
gitude. and, latitude, unleſs, the vertical un 
is a Jecongary. of the eclipti e.. 
In fig. 48. WL cepreſents the horizon, 
V D zan arch of che equator, cutting the 
horiaon at: T. T Pe the axis of the world. 
and Þ; the eeleſtial pole, Zi the zenith. AX 
a vertical circle, R the plants apparent 
place therein if ſeen from the earth's ſur- 
face; and. M its apparent place in the ſame 
vertical, if it could be ſeen from the earth's 
center: then R V is its parallax. PRO. is 
a ſeco ndary. of the equator, paſſing through 
_ the U and P.Y.Q, another, FRG 


RT * its apparent n 
| «Y1&UN 121 D 3 = 
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| whence its declination, feen from the cen- 
ter, is OR, and from the ſurface ; 
the difference N V, between Q d QN, 
is the parallax of deelination. When the 
planet is at R, the' ſecondary P R O, paſſes | 
through the point O of its right aſcenſion 
upon the equator, but the ſecondary P Y Q. 
paſſes thro V, the planet's apparent place, 
and Qs right aſcenſion upon the equator ; 
whencs the parallax RY, makes a diffe- 
85 or ene . in Tie wen 
N I 
- 7, If a, be the pe cel place of a pit 
upon the meridian 2 VW, when ſeen from 
the ſurface, and b, when viewed from the 
center f the earth, a b is its diurnal: patal- 
lax in a vertical cirole Z W to the horizon; 
but this fame circle is allo a 9 74 
the- eq 
wer of cg ed. glow boi: 
No ſuppoſe P the pole of V'T, ch 
is now called an arch of the ecliptic eut- 
ting che horizon'W L in T, Z X a: vertical 
circle; let RV be dhe planers parallax, 
PRO à fecondary of the ecliptic paſſing 
through the planet, when ſech at R from 
the e df RE Ved P-Y'Q- another 
Th ſecondary, 
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2 paſſing through it, if it could 
be viewed ſtom the oarth's center, ſo as to 
appear at Y; when at R, its latitude is RO, 
when at V, its latitude is Q V, the _ 
. i «the parallax of latitude. 
-::78. When the lanerappears in RO. | 
the ſecondary of the-ecliptic;/ the point O 
is its longitude from the firſt point of Aries; 
but when; at Win. the ſecondary PY . 
Qs the point of its longitude; whente 
che differe e 18 arallax iſe 0p 
gitude, SIB9250! 4 2 v1 10 VE 
21 But if d huet be l r . Gd 
ZW, Which patſes through P, the pole of 
the ecliptic, it ean only have a parallax” af 
latitude, and none of longitude. Let a b 
be the parallax of latitude; whence from 
either Ration, a b will be its parallax of lati- 
tude; and as there can pas but one ſe- 
condary through both, ere can be yo 
1 longitude. To 

The annual N of any heavenly 
body ariſes from its being ſeen from | the 


2 Akin by 1 in different pats « its 


WS The 


[td 


* 8 ane e 


ohn eg ee beet 
9 e refiagion of the atmoſphere, 
egen, As nds 7.1 t 1229g8 
79. If a ra of light enters tranſparent 
Pi hi obliguely; it does not paſs ſtraight 
on; but is bent at the point at Which it en- 
ters : this bending is called neſraction. 
In fig. 49. AC repreſents the ſurface; of 
the earth, T. ita center, BP a; part of the 
amoſphere, HE K the ſphere, of the fixed 
ſtars, A F the ſenſible horizon, Ga planet, 
GD a ray of light proceeding from G to 
D, where. it enters our atmoſphere, and is 
refracted towards the line D T, which is 
perpendicular to the ſurface of the atma- 
ſphere; and as the upper air is rarer. than 
that near the earth, the ray is continually 
entering a denſer medium, and is every 
moment bent towards T, which cauſes it 
to deſcribe a curve, as D A, and to enter a 
ſpeRator's eye at A, a8 I it game from E, 
a point above G. And as an object always 
appears in that line in which it enters the 
eye, the planet will appear at E, higher 
than its true place, and frequentiy above 
the horizon A F, when its true place is 
yew it at G, 
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41 
The greateſt reftaction is when the planet, 
bed is ſeen in the horizon, being 33 min. 
When its altitude is 20 deg. the refraction 
is 2 m. 14 ſec: at 40 deg, of altitude it is 
5814S: at 60 deg; of altitude it is 29 ſec. 
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and ſo beconies inſenſible, har VG altitude 
increaſes, 5 8 | 2 * 


8 4 
1 1 
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86. An eclipſe i is a deficiency of light in 


the heavenly bodies. In an eclipſe of the fan, 


its light is intercepted from the fight of the 
inhabitants of any part of the earth, by the 
moon paſſing between them and the ſun; 


and as its diſc is either partly, or wWholly 
| covered, it is called a partial or total eclipſe. 


An eclipſe of the moon is cauſed by her 


| paſſing through the ſhadow of the earth, 
whereby ſhe is deprived of the ſuns light. 

The ſun can never be eclipſed but at the 

time of New Moon; neither can there be 


an eclipſe of che moon but at the time of 


the Full Moon: In the firſt caſe, the New 
Moon” muſt be within 1 ; degrees, In the 
laſt, the Full Moon within 12 e 
one of her nodes. too 46741 


Theſe 
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These luminaries are hot eclipled. eyery 
New and Full Moon, becauſe the moon's 
motion is not in the plane of the ecliptic; 
in which the ſun. and earth always are, 
Hence the moon's latitude is oftentimes ſo 
much increaſed at the time of the New 
6 Moon, that her ſhadow does not touch the 
earth; and at the time of Full Moon, ſhe 
as frequently palles by the earth's ſhadow 
without entering into it: but when the 
moon's latitude is inconſiderable, which 
only happens, when ſhe is within the Une 5 
above, mentioned, the then e aber 
in or near the ecliptic. 
Let II, fig 20. 8 ipath of 
Rk EF, the plane of the ecliptic, 
in Which the center of the carth's ſhadow r 
always moves ;. N, the node of the moons 
orbit; A, B, C, D, repreſents four places 
of the (earth's ſnadow in the ecliptic : when 
her ſhadow is at A, and the moon paſſing 
hy at I, ſhe will not enter into the ſhadow ; 
through the ſhadow B, and that part be- 
comes dark: this is called a partial eclipſe. 
When the Full Moon is at M, ſlie enters 
Sök T | into 
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into the ſhadow C; in paſſing through 
it, ſhe becomes wholly darkened at L, and 
leaves the ſhadow at O. This is called a 
total eclipſe : and when the moon's center 
| paſſes through that of the ſhadow, which 

can only happen at the very time ſhe is 
tithe" vide a . it is called a central 
echpſe. nere eee enen % 
© We have not yet mentioned the atmo- 
| ſphete, which requires our conſideration, 
white we are treating of lunar eclipſes; for 


the ſhadow of the earth does not reach the 


moon. In fig. 21. T repreſents the earth, 
BCDBgf its atmoſphere, A B, AB, 
_ nays ing from the fun at 8, touching 
the attnoſphere at B and B; theſe go 
ſtraighr on, and terminate the ſhadow of the 
attnofphere-at*H. The moon is conſtantly 
. enlightened by the ſun's rays until ſhe en- 
ters this ſhadow, when the becomes fainter, 
as ſhe ien to move de AB H 
and AB H. AM 43111 G 
The rays. which! enter * atmoſphere 
obliquely, are 'refrated, and bent into 
kaurves that touch the earth; all the light 

between f and O'g, is intercepred by the 
| _ 


„ —ArComprebenfur View 


. earths and the rays CE, DE, terminate 

the carth's ſhadow, ., WII toon eil 1 
4 The light bętween F f. and A B, is re- 
{rated by dhe atmaſphere, and « diffuſed, be- 
tween CE, and AB, and continued beyond 
E, the point of the carth's ſhadow: whence 


it js, plain, ithat, the light, proceediog from 
the ſun becomes continually weaker, the 


farther it is from. the carth; ſo that, the 
ſhadow. of the atmoſphere is but a weak 
light, and therefore the moon is viſible 
in. an eclipſe. . 70D (11 ” 15 105 „ 13 

Tbe ſhadow. of the atwolphere is CONT 
Tal becauſe the diameter of the fun, is greater 
than that of che earth. This cone ry not 
reach, o farr as the planet Mats: bu but the 
diameter of. tþg ſhadow. in the place where 


it cuts the moon's orbit, is not ih. leſs) than 
the earth's diameter. 


i! DSS 194 tto 
A; folax. eclipſe happens, When the New 
Moon, is in or near the node. In fig. 22- 
S repreſents the ſun, M the moon, her 


—— 


ſhadow. falling upon, D C, a part of the 
earth's circumference, which, is furcounded 
by. 4 penumbra. Beyond A, and, F, the 
Lach i LWumpated:by.an entire b 


: fir 


[ 


of be Solar Siem 43 


of the ſun. As vou ce Kom K we 
or from F to D, the light is onde) 
dimifiſhing; and neat 12 and D, the rays 


c che Nuts dec Rt e of DAG 


' This liminiſhed k gh CY Fr co 


umbra. "An obſerver. at. B or "7, can 9 
ice half the ſun's diameter, the reſt eing 
hidden by the interpoſition: of the moon. 
It the obſerver moves from B to GG. or 
from E to D, the ſun will be more. and 
more withdrawn from his, fight, until it 
becomes wholly inviſible in the ſhadow ow it- 
ſelf; whence it is plain, that there may bo 
a ſolar eclipſe, atthough the ſhadow of the 
moon does not touch the earth, if the pen- 


umbra comes to its ſurface. 

When the moon's ſhadow falls upon the 
earth, it is called a total eclipſe of the ſun; 
if the penumbra only reaches the earth, it 
is called a partial eclipſe of the fun: with 
reſpe& to particular places, it is faid to be 
total where the ſhadow paſſes; central, 
where the center of the moon covers that 
7 * fun and partial, where the peg- 

umbra 
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ane only. n . as it is ne 
in : 5 
The .* che 9 0 D, * 22. is is; 
the longer the. ſun will be totally eclipſed, 
and a larger ſpace of the. earth will be un- 
der the ſhadow ; but its breadth. will vary, 
as the diſtance of the moon from the earth, 


and of the earth from the ſun yaries : for 


when the earth is in Peribelion, and the 


.. moon in apogee, that is, at its greateſt diſ- 


rance from the earth, the ſhadow of the 
moon does not reach the earth, and the 
moon does not coyer the ſun: this is called 
an annular ecliple, a is RPO. 
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ROY the ge of a ſemi-cirele "I 

I & turned round its diameter as an 
eq axis, it will generate the ſurface of | 
a globe or fphere, and the center of the 
ſemi-circle will be the center of the globe: 
it therefore follows, that as all the points in 
the citcumference of the ſemi- circle, are at 
un equal diſtance from its center, ſo all the 
poitits of a globe, _ generated, muſt be, 
me _— | 


BH g Auf fraight line paſſing thigujh . 
ent of a globe; being terminated by its 
ſurface, is called a diameter; and that dia- 
metef about which the globe turns, is called 
its axis; the extremities of which are called 


| the poles of the globe. 
33. There are two artificial globes, That b 


on which the ſurfact of the earth It cepre- 
ſented, is called the terreſtrial globe. | 
3 84. The other on which the face of the 
ta ſphere is delineated, is called the ce- 
leſtial globs. 8 
85. In the uſe of . — 9 we we 
are to conſider ourſelves ſtanding upon ſome 5 
part of its ſurface, and that its motion re- 
preſents the real diurnal motion of the 28 2 0 
which i is from welt to eaſt, _ 
3056. In the uſe of the celeſtial globe, we rd 
to ſuppoſe ourſelves at the center, and that 
its motion repreſents the apparent diurnal 
motion of the heavens, which is from eaſt 
| to well. | 
4 37. Note, The ſtars being delineated upon 
| the convex ſurface of the celeſtial globe, 
we muſt ſuppoſe ourſelves at the center; 
becauſe under ſuch a fu poſition they would 
: appears 


eB | 
Coleftral and Ferrer Ces. 49 
appear, as they naturally Uo," in the't ciicave 
ſurface of the heavens. * vnde 10 nul 1 
BB. Several cireles are deſenibed up 


ſurface of each globe.” Thoſe whoſe kw 
paſs through the center of tlie globe, are 


Called great circles; 'fome of which are gra- 
Auated into 366 degrees, go of which make 
2 quadrant. | 
89. Thoſe Grates whoſe planes do not 
| paſs through” the center of the WS, are 
hy on leſſer Circles. 9 


1 £37 


95 I, 0 fig. 25. are each of them 97; 5 | 
ed at their poles in a ſtrong braſs circle 
NZ ASN, and turn therein upon two 
iron pins, which are the axis of the globe. 
They have each 2 thin braſs ſemicircle 
NHS moveable about the. poles, with a 
ſmall thin fliding circle thereon. * 6 

91. On the terreſtrial globe, fig. 1, this 
femi-citcle NHS i is a moveable meridian, 
and its ſmall fliding circle H, the viſible ho- 
rizon of any patticular place to which 1 it is 
ſet. But, 
92. On the celeſtial globe, fig. 2 '5, this 
ſei-circle N H, S is a moyeable circle of 

wk E enn 


3 


36 Daſerimtion and Uf af cle 
declination, and its n cxrole: H, an art · 
ccial fun or planet. oh 1:7 tr 0 5 ln! | 
- 93+. Each globe hath. a. braſs wire citcle, 
| TWY,. placed at che limits of the crepuſt 
culum, * twilight, which, together with 
the globe, 1 is ſet in a wooden frame: the up- 
r part B C is covered with a broad paper 
circle, whoſe plane divides the globe into 
two hemiſpheres, and the, whole, is ſupported 
by a _neat pillar. and claw, with a er 
needle in a compaſs box at M. 
94. On, our neu- rreſtrial 99 "the 
diviſion of the. face ol „che earth into land 
and Water, is "accurately laid down from 
the lateſt and beſt aſtronomical, geographi- 
dal, and, nautical diſcoveries. There are 
alſo many additional circles, : as well as the 
| rhomb-lines, for the 1 rents eaſe and copye- 


hience” in folving a dhe neceflary geogra- 
phical and med Problems. La 


95.5 On the ſurface of, our new celeſtial 
globe, al the ſouthern conſteljations, lately 
obſerved at the Cape of Good-Hope by M, de 
Ia Caille; and all the ſtars in Mr. Flamſted 5 
Britiſh catalogue, are accurately laid down, 
and marked with Greek and Roman letters 
of reference, 'in imitation of Bayer. Upon 
Ee * ceach 


# 


Celeſtial arid \Terrefirial Glibes. 51 
each. fide of the ecliptic are drawn eight 
parallel circles at the diſtance-of one degree 
from-cacl other, including a ſpace of ſix- 
teen degrees; called the zodiac; theſe are 
croſſed at right angles with ſegments of 
great circles at every fifth degree of the 
ecliptic for the readier noting the place of 
the moon or any planet upon the globe. 

9% We have alſo inſerted from Ulugh 
Beigh,, printed at Oxford, A. D. 1665, the 
manazil al kamer, i. e. the manſions of the 
moon of the Arabian aſtronomers; which 
are ſo called, becauſe they obſerved” the 
moon to de in or near one of theſe every 
night, during her monthly courſe round the 
earth, to each of which the Arabian cha- 
racters are affixed... They may be of very 
great uſe to beginners ta teach them the 
names of the ſtars, as well as to mariners 
for the ſame purpoſe; who may have bœca· 
ſion to obſerve the diſtance of the moon 
from a fixed. ſtar, in the neu method of 
diſcovering the longitude at ſea. They will 
likewiſe ſerve to ſhews how the moon paſſes 
from ſtar to ſtar in the courſe of one ot 
ſcveral nights, which is a very curious and 
yu amuſement; and as they are a divi- 
328 E 2 ſion ; 


52 -Dgſeription-and Uſe of the ) | 
ion of the heavens different from any thing 
the Greeks were acquainted with, and there- 
fore not borrowed from them, and as we do 
globe before, we hope we have with pro- 
priĩety placed them on our new celeſtial n | 
See Coſtard's * een. P. 40 
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T he broad paper circle B C on the 
ſurſace of the wooden frame which 
e the braſs meridian en 
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n ſan cle circular 
er The innermoſt of which is di- 
vided into 360 degrees, and numbered in- 
to four quadrants, beginning at the eaſt 
and weſt points, and proceeding each way 
to 90 degrees at the north and ſouth 
points ; theſe are the four cardinal; points 
of the horizon. The ſecond circular 
ſpace contains, at equal diſtances, the 
chirty-twwo points of the mariner's compaſs. 
Another circular ſpace ĩs divided into twelve 
equal parts, repreſenting the twelve ſigns of 
the zodiac; theſe are again ſubdivided into 
zo degrees each, between which are en- 
graved- their names and. characters. This 
ä | ſpace 


Celeſtial vid Terrgirial Globes, 53 
pace gig Connected with a fourth, which 
contains the kalendar. of months and days 
each day, on the -new: cighteenzinch globes, 
being divided inta four parts, expreſſing the 
four cardinal points of the day,/accarding to 
the Julian reckoning; by which means the 
un's place is very nearly obtained for the 
three common years after biſſextile, and the 
| intercalary day inſerted ene 6e yoo 
Wen we OY Wies ig ch wont 


Unt er 3] 10 


_—_— PROBLEM Nt geo" 
T's find the fu e anf day? in ds 


ear on the broad paper circle le. a - 
-g8:'Confider whether the year in Alle 
you! ſeek the ſun's place is nn _ Ob 
the firſt, ſecond, or third year after. 
99. I it be the firſt year after biſlexle, 
thoſe diviſions, to which the numbers for 
the days of the month are affixed, are ihe 
reſpective days for each month of that year 
at noon; oppoſite to which, in the: cirele 
of twelve figns, is the ſun's place. 
100. If it be the ſecond year after biflex: 
| tile, the firſt quarter of a 155 backwards, 
of, towards the left hand, i is the day . of the 
E 3 © monith 


4 


„ »Deſcription:and Uſeof ibe 
month for that year; . which, as be- 
fore, is the ſun o place. 5 ali 

rot, Huibe the third yxar after biſſextile, 
half 54 day!” backwards is the day of the 
mamiii for that year, oppoſite te 'Whic which'%is 
th dune place. yd Sn neilu]. ac: 
1081 If che yeat in which you ſeek the 
_ fuiſSplace' is billexrils, then three" quarters 
of a day backwards ivthe day of the month 
from the 1ſt of January to the 28th day =» 
of Fe incluſive. The intercalary, - 
Or 2 herd is three fohtths of a day to 
the left hand from the rſt of March ad 
the firſt of March itſelf is one quarter of a 
day forward, from the diviſion” marked 1; 3 
and ſo for every. day in the remaining part 
of the leap- year; againſt each of. Which 

is found the ſun's! place. bass I 4A 4 

In this manner the itercalary day i is very 
well introduced eyery fourth year into the 
Kalendar, and the ſun's place very nearly 
obtained: according to the enn — 
e = 15 4 O Sido HOO 4 

I om. Sun's place, 8 25, 
3 fir year aft billemile . 550 5. 

177%, ſecond >: "ut ob/ 
1771. third 1 wt OY 3 1 85 
1772. billextile e.. % 35, 

. One 


Celaftial and Terreftrial Olbbes. $5 
One use ef che broad papet circle" is to 
diRinguiſh'the'points of the Bötizon; in this 


calo it repreſerits the rational Hotizon'sr any 
nn, place, which is an Anaginary great 


the üble from the inviſible hetmiſphere 

This is ſuppoſed to be parallef "ty! a 3: 
cielo, called tlie ſenſtble horizor, whoſe 
filane ray be conceived to tick the ſurface 
3f the globe at that place "upon which an 
obſerver ſtands, and to terminate" His fight 


when he views heavens round wv | 
The exterit of the” ſenſſbie orvitible ho 


— is «op ordek, as we'ſtand higher ar 


1 05 e ufe we an g make o this 

Erle is to recht the circle 'of Uumina; 
eo or that + tele Which WARS. day from 
A third ile is Which this' eit Ciel 8 
applied, "ts to repr eſent the plane of the 
ecliptic. "All Er "which man be | Waſtrarcd 
in their proper places,” 

Inu all poſitions of the e globe, this 
broad paper fürface is the plithe 3 the Barr 
Zon, and diſtinguiſhes the TO her: thi 
inviſible part of the heayetis, P74? 1 
79 E 4 Note, 


56, _[Defeription and Uſe b 


Note, As this circle, occaſiapally repye- 
ſents various great cireles of the ſphere, we 
* OR it. Mg name of, n paper n 


"The ngrth- fide of the; n - 19. 
ought to, be Placed. directhy towards the 
north - ſi fide. of of the heavens, which is, readily, 
dong by, the, mariner s.compals | at our, / 
pad globes... mT 07 D205 48 ere} 45% 0 1 


Te "(ans bra circle, or menid . 


Jg giſt bas N Z AEN. 12 972 ar s. 


hs 8 being agen at Sz, oppalite 
Points in this cirgle, turns round | therein, on 


its iron \ poles, one of which N repreſents. the 
north, and the other 8 the ſouth pole. 
105. One fide of this ſtrong. braſs circle 

is "graduated 3 into, four quadrants, each con- 
raining 90 degrees. The numbers on two 
of theſe quadrants inereaſe from the equa- 
tor 


Celofial atid Terreſtrial Globes. 3 


tor towards the; poles; the numbers on the 
other two increaſe -- A the PR . 
the equator. 10 : - 14 5 $ 


4 << The reaſon 3 — ef hs | 


© meridian are numbered from the equator, 
< and the other two from the poles, is be- 


/ 


cauſe the firſt of theſe two ſhew the 


« the-equator or equinoctial, and the othet 
0 ſerves to olevate dh. globe to n 
40 <<; of any place. 2 


106. The ſtrong heaks elucle ofthe caleftia | 


globe is called the meridian; / becauſe the 
ſun's enter is i e thereto at 
h 2avrocd CONE ABI HD) 
107. On the firang bras circle of our 
New: terreſtrial globe, and about 234 de- 
grees. on each fide: of the north pole, the 


days of each month are laid down accord- 
ing to the. ſun's declination. If any day of 


<.diſtance. of any pdint on the globe from 


the month is placed in the plane of the 


horizon, it will ſhew the ſun's declination 


for that day upon the other fide of the braſs 
meridian ; and this braſs circle is ſo con- 
trived, that the globe may be placed in the 


poſition of a direct or right ſphere, (which 


is, when the north and ſouth poles are placed 


in 


80 Dh nun en Uſe of the Y 


in the-planc.of the broad'paper' circle) and 
alſo: that the fouth pole may be elevated 
above the plane of the broad paper ſurſace, 
With as much org a8 the _ pole = 
 circumſtange-wh ich we un- 
worthy of aur attention in nee 
of our new globes. lo in in Ass 
108. The graduated ſide of the ſtrong 
braſa circle, encompaſſing our new tetreſttial 
globe faces the weſt; being moſt agreeable. 
to the real diurnal motion _ Na, 
_ which from welt to eaſt: { .QO1 
og But that which Adee the o_ 
ſuial globe, faces the. caſt, as the i 
diurnal motion of the heavens | is from aſt 
to Weſt . 5 111d dach HO, COT 
ix $6,218 all neinatdabiof either globe, 
ahi north pole ſbould be directed 9 
the north point of the heavens, Which the 
- atiners'compaſs at MI, placed utider each 
bf the? foe. will enable ts to 0 with the 


* 2G 903 10 . 20130 203 ch N 
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WA. e 71 22 10 && 46 | f 


75 117. We uſe no een 
the hours and minutes of time, but the 


1 5 equator, 


dhe and Terrafiviat übe. 39 
equator, upon the” ſurface of either globe 
# being not only the moſt natural, but 
the largeſt ciręle that can Poſſibly be 


_ applies "Dp RMA "erpole. This is done 
by! ſemi-eirephy wire A F placed in the 


plane of the equator, carrying two indices, 


placed; one on tach ſide of the: meridian, 
pray to be uſed to 
point out the. ũme. 
As the firſt Aika de dur Gew giobes 
paſſes through London, it therefore becomed 
the XII o clock hour circle; and this falls 
upon the interſection of the equator and 
ecliptic at the firſt point of Aties; the 
other XIIch hour =D: paſſes through the 
oppoſite. interſeQion at en e 
Libra. 

Remember. hoy the. N Wel bo 
| 1 rectified for London, ar any other 
place, on che ſame meridian with it, that 
then the graduated ſide of the ſtrong braſs 
meridian is the horary index itſelf » - 
It may happen, that the globe ſhall be o 
rectified, as that the two points of XII o'clock 
will fall in, or ſo near, the caſt and weſt 
points of the broad paper circle, that neither 
of the horary indices can be n therets; * 


in 


1) 9111 Is LY; [ 
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in dhis caſe bring the horary index as near 
2s poſſible, and make an allowance of a 
few mints. no c foils 7 iel ors 
- 112. The hours and minutes are graduated 
below che degrees of 'theequator-on either 
globe; and; ace 0s 2H 30 dard 
11 . The mation of the terreſtrial globe is 
from weſt to eaſt the horary numbers increaſe 


according to the direction: of that motion - | 


114. The motion of the celeſtial globe 
being from eaſti to weſt, the horary num+ 


here increaſe in that direction. I oc 
"The thin braſs ſemi-cirgle e N H . 
415 This turns upon the poles of the 
globe, and may be called a proper or a 
moveable meridian. It is graduated ea 
way to go degrees * the ee 
either pole. 0080 * (986 7325 
1:12 16, To this bm ciclo * ce 
leſtial globe, fig. 2 5. is fitted a ſmall thin 
braſs circle H, about half an inch diameter, 
which {lides'from: pole to pole; when we 
conſider the ſun s * 
we call it an artificial ſun. 
117. But to the thin ſemi-circle gta 
jo the new terreſttial globe, fig; I. is fitted a 
| ſmall 


: 
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mall thin circle Ef, about two inches diame- 
ter, that flides from pole to pole; which is 
divided into à few of * points of the ma- 


finer's compaſs,” and is called a e of 


TT - 
ie horizon. 
? PI 


The beak nt o« 9 2 A 


118. Is a thin nattow flexible ſlip of braſs, 
that will bend to tHe ſurface of I, globe; it 
has a nut with'a fiducial line upon it, which 
may be readily applied to the diviſions on the 
ſtrong braſs" meridian of either globe ; one 
of its edges 1s graduated into 90 degrees, 
and continued to 29 degrees below the hori- 
zon. Upon the terreſtrial globe, its uſc is to 
ew the diſtance of places; and when ap- 
_ plied to the celeſtial * globe; it ſhews the 
diſtance between two ſtars. If fixed to the 
zenith or pole of the horizon, it ſhews the 
altitude of any point upon the globe, its 
graduations being numbered upwards from 
the horizon to 9o degrees, and downwards 
to 20 degrees for the depreſſion of any ce- 
leſtial object. It will repreſent any vertical 
circle paſſing through the pole of the hori- 
zon, in its motion round the'zenith point, __ 
well as the prime vertical, which paſts” 
through 


be _ Deſetiption and Af of db 
through. the caſt. and. weſt points of dhe 
horizon. Upon both globes it occaſionally 
ſhews the diſtance of every ſecondary, to the 
horizon; and has other uſes, which will be 
hereafter ſhewn. N ene 
119. Note, when we eat of bringing 
450 points or place to the trug braſs meridian. 
we mean that it ould be brought en im gro- 
duated jidt, which is properly the meridian. - 
Also. aoben wwe ſpeak. of bringing the. move- 
able meridian, guadrunt gf, altitude, or amy 
other thin a flexible circle; th. any point. or place; 
we mean that their graduated bis 190 be 
brought to A or Place: fine FAIT 


of PR et PEN INTE 
e eke ak 1 gle. bajlg, 


© ang 


— 
nne 


pleaſe. upon ihe furface if the earth, 3nd 
conceive them to be extended to the ſphere 
Ol the heavens,, e een donsenttis 
= circles. Wa. 

121. The patios of all 8 8 
chrough the center, and divide the glohe into 
two. equal hemiſpheres: a. ſmall circle di- 


vides the * of a eee two unequal, 
parts; 


1 16 * > 4 — 
ww * 


j 
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parts; all circles ane ſuppoſed to be divided 
into 360 degrees. 1 21 290 isi1018495 
We ſhall begin with the deleriptiorirof 
the equator, this being the mou | 


great diele an: Jn 2 Jol ds 
ba! Muc 19 9915 5 59! rg al Sols 
The N or equino&tal 1 1 


31 1; 


n £51) 


£1422. 11 $0! diphes diſtabit” from" the 


to poles of the" globe; and'is p called, 
becauſe when the ſun a appeats'to to paſs ver⸗ 


tically over this reircle! the days and nights 


are of an equal ar od to al the inhabitants 
of the earth. Wirk 31% 5; 


„AI plane of the equator paſſes 
| through the middle of the globe at right 
angles to the polar axis. | 8 10-9 

On our new globes it is enn into 
360 degrees; upon the terreſtrial globe, the 
numbers increaſe from the meridian of 
London weſtward, and proceed quite round 
to 360. g eit "26 bfg 
124. They are als numbc#es eln the 
ſatme meridian eaſtward by an uppet row 
of figures, for the caſe of thoſe who" uſe 
the. Engliſh tables of the latitude: and Wang 
1 e 118,09, EGO 
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1423. On our new celeſtial globes / the 
; equatorial degrees are numbered from the 
Art point of Aries eaſtward, to 360 de- 


5 oe: e end: nps och 
126. Cloſe undet: the degrees, on either 

globe, is — 4 circle vey hours and 

minutes, r 
127. on the celeſtial Globe the Pau in- 


creaſe eaſtwward from Aries to XII at Libra, 


where they begin again in the fame direc- 


tion, an proceed to, XII It Aries, 
128. But the horary numbers under the 


equator of the terreſtrial globe, increaſe by 


twice twelve hours Weſtward,” from tho 

meridian of London, to the ſame again. | 

. In every polition of the globe, „ 
cept that of à parallel ſphere, the plane of 


the - equator. cuts the eaſtern and . weſtern 
points of the broad paper circle, when con- 


fidered'vither as an horizon; the ecliptic; or 


gs of. illumination... Ie 42h * 


And as the globe is turned ab it 


ways keeps to one point of the ſtrong brats 
cicele, in which, as hath. been obſerved, the 

"A degrees are; numbered both ways from the 
equator, that the. diſtance. of latitude. north 
by ſouth. of any point on the. ſurface. of 


ITED 5b! | the 


\ 


oh 


Celeftial and Terreftrial | Globes. 65 | 
| the globe may be more cal computed. 
Whence ares the following” 


- 65561 vn OBLE M II GT. | 
To find the latitude of a place. 


| 136/Dring the place to the graduated fide 
of the ſtrong braſs meridian ; the degree it 
then · cuts ſhews its diſtatices from the equa- 
tor, rer on the me | globe 1 is called 
lantude. .\/ 1 0 

Thus 3 bh 21 pt 32 min. of - 
_ noitl-latitode ; Conſtantinople, 41 deg. of 
north latitude; Quebec, in Canada, 46 — 
. $5 min. of north ieee -e rhe, ie 
IR ery 34 Cog. ſouth tatitude; 


T1 4 WIG Tf} -- .* 


1 PROBLEM: 1 5c 


15 aud all thole 1 places which = 
the fame acid wich! "Wn. given 


mw C8. 00 #15 biflarte no 
- 


s 13 "4 1. Kapu the given 28 3. 
; 2 the globe round, and all thoſe places 


which bel under the ſame point of the ſtrong 
| braſs meridian, are in the ſame Jatitude; | 


0 5 . : \ T | E f 4 * 7 3 N re h = . = 
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 . +7 233:-Suppoſe; London and Rene, find 


which 
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To And the / difference! of latitude 
oof Fey RN Pr 


the latituds of: cache place by prob. il. art 
1.39, „Their diftarende is the an. 
Balls ei 2dols lain: ag no toit 17 


PROBLEM V. bun 


bet 8e 2 8 2d nobaod. zwaT 


o, find che. declination of the ſun. 
* 0+. 4 — ni oda ; vbuwns! flog 


10 333 Firſt, Om either globa for tlie ſon s 
declination, fiod his place in the ecliptic by 
prob. i. art. 98, &c. Then bring that point 


of the eclipic live Hpdnfthe gloge under the 


prag! meridi and ch egree which 
81 i the ſun” HI > n: hg day. 
— Vat WIT 9 9512 t 2411 


Upon the terreſtrial globe that Parallel 

es through the point of the eclip- 

be banfwering 6 the ly" of the month, 

"WAY! ew the fun Tau „coubting 
ME number of Parallel Fon" ets, 

Alle, ea 505 m5: 

AA. 180 ' "Ohm 
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„On ahbe Sellin globes ſeek gl day of this 
month cloſe under the celiptic- line; ithalñ 
againſt which ds the ſun's place chring that 
point 84 dhe ſtreng braß rmaevidides: anti 
the degreg that ſtands. over it: is dhe ſun's dev 
dlination-for that day, Thus enithe 238 of 
May ;the. fins; declination willibe about 20 
deg. 10 min. and upon the ag . 
Will be 1 Lideg, 3 min. f ods 

ch nage goplg yas 10 2buinel 203 on lau 
For che ofotiny- ſtars. 
03 Nite od as yibvo of 2200 glg bos 
134. SecondlyyBring theiſt arte the irony 
braſs mmeridiam on the celeſtial .glabe; andthe 
degree it ſtande :under is its diſtance: from 
the equator; and this diſtance is called the 
ſtar's declination}Wwhiich may be Ather wn 


175 ouch, accordi 


to 19175 pf £ 
tor 6h Rick We tar is 28 ar 
THIGH Ann rf Me i ang 


marked .- in the .conſtollatiqn;, Boptes, has 
about. 20. deg...39;min, hocth, Tel ag; 
and that of, Sicus. in Cania;Myer,; h 
Dag e +» has boys, 6 a 
min. ſauib declinatic Thoidw 2163} Slo: 1 
138 Hege Me he, thag.the;Hatitude f 
places on the, £agth,, 2 Keclination lo | 
* rne 


68 Dyer N and Ojo the 
7 vis min G08 Guts; &c. in the heavens, Have 


tars appedt in their” zenith; ot are” 
over their Heads. Hence the following | 5 


** 12 7 F135, ALE ATE LIES £4, $597 9.13; "1 * * 


but one idea, the meaning of which is no 
more than their diſtance (either of places on 
the terreſtrial, or of the luminaries Wü 


_ celeſtial ſpheres) from the equator. Wolf 
7 The latitude of a fixed ſtar always con- 


tinues the ſame, but that of the ſun; moon, 


p and If | q 9 res. —_ 35 t5 — * Nr * : 5D 


136. Those ſtars, Ghee declinations are 
equal to the latitude of any place upon the 
earth, are called correſpondents to that place ; 

and paſs once in eyery 24 hours vertically to 
the inhabitants of ſuch Latitude ? that is, thoſe 


*P ROB LEM-: WW · 1 


Ti re ſt us pak over or early 


over the zenith of any place... 


"big 137. Find the latitude "of the place by 


prob. i li. art. 1 30. rate eehte 
which is the Aiſtinee of tht place from the 


. equator; then turning the celeſtial globe, 


all thoſe ſtars which paſs under the ſtrong 
brafs meridian at the ſame diſtance from the 
Equator,” will pals directly over the heads 

of 


Celeſtial and Terreftrial Globes. 67 
of thoſe. inhabitants, and thereſore become 
celeſtial correſpondents to all thoſe. who live 
under the ſame parallel of latitude. 

Thus the ſtar marked 2 of the ſecond 
magnitude in the head of the dragon is 51 
deg. 32 min. diſtant from, the celeſtial 
equator, ſo alſo. is London at the fame dif- 
tance from the terreſtrial equator: therefore 
the declination of this ſtar, is equal. to. the 
latitude of London, and conſequently it be- 
comes, our celeſtial carreſpo nden 

The ſtar marked «of. t 30 fecond mag ni 
tude i in Perſcuss, ſide called; Algenib. 9 
over the zenith of I iphabitants in France 


.who,. live 14 min. degree ſouth, of 
Patis; it alſo ef As over the zenith 


of St. e n nme 


d dino 2613: 1 FU v 
138. Are great circles — upon the 

Jabs from one pole” ta che 1 oma 
croffing the equator at right angles. Upan 
our new terreſtrial globe there" are twenty- 
four of theſe meridians, which: are alſo hour- 


(circles, being 1 5 degrees from each other, 


'6 e 15 degrees an the equator is equal to 
138 one 


— 


„ ne and de b. 
9 one hob und eh fingle degree equal to ſour 
minutes of nd Only four frier idianbhAh 
are alſo alleWevlitcs, are draw/n ußon che 
ſafade ef the cclefliat-gtobe!! 5! ove 
18 K. e rags ew 
etarth, off ent {| 
5 eh thr6ny 5 
may fot e eee 
All Points en the terréfttlal or befeſtidl e 
have 3 an they on 
( properly ſpeaxiig) hve Ms ſame me. 
-ridian; that are nder the- Hint ſemfncle, 
Ache ding db Gf the Polest H ni (bt 


| Ti e Bf tate o the plobes is 
Fuß pred BY le (fi Bras Kthideirale, whith 
_ tovercbout tERblEs,* muy be fer 
6 {AVIRA / crate Let 
Whence we call it a moveable meridian, 
a 117 isnft9779 bun LEO 


140. All thoſe halves of great circles, that 
Are drawfi fröft pole to pöle aré the meri- 
ans of theſe places thiwugk which Mey 
Pals, and being perpendichlar to the plane 
"of the” equator; ace called ſecondarics tereto. 
©2241. One of theſe meridiin?' on otiritiew 

terteſtrial globe paſſes chtougk London, and 
is called a fieſt * bee from that 


oY 5 point 


Sona Wit Ge: 7. 


mee 6 make; abies, 
the equator, the Jegrees pLlonentude, as well. 

as the hours and 1 Niger Ms [ 
4 A HH, 

8 ee Oceary and 1 5 


1,409 pal 
Libra, marked —— 7 
90 "Th. . gte cd pot 


d Its iner ae 115 
a d #94 pe 1 4 
e to a 3 825 1 - 
r WAchNit Was it Bf Fac i I hes 
0 of the caſes b tri home 
Watt! Eule And pc oe The een 
Heften: Mt off mort biewſtw e pl 
il Seine geographers ne thi HR mz 
dian paſs trough | h the” ilfe of Fer rein 
0 


11 not 02 chem acts 20d 10 


29019 201 RAD E M3 _— Mad 


-hga dahin hn ach to! Naw UA 

To find t 100 de © fa La place... 
11g 71%} GO 2 20 2 

142 4. The 8 of 25 " ace ls that 


— or de the equatar, W 
1 the ma cp hat 6-4 Li 

rom a beſt mY wm 2 ud nobaoclk 

Bring che im move 995 meridian 57710 Wertes Place, 
0 that deg ree e BP r WHic at 


. 


| ey wy © tw! id "Ret 

and ee or tht hour ang mls is 1. 
| in time. 2 

Ve. ſtrong. 


braſs wieriflan, that wil cut dhe equator in 
the longitude as before. Dd At ts 


Thus 


s Boſton in yer Epgland is _ 
4 degrees | of "London ;; - 
a, in the Vit Indies 282. =o 
of London; or the longitude of the firſt 
place exprefſed in time ig A. 1 'of 
the ſecond 18 K. 48 min. * 
143. The method of reckoning g longitude 
always Weſtward from the n e meridian is 
welt natral,. becauſe, it is agreeable to the 
real. qotig of the bn; 
But the common method is to reckon i 
half round the globe caſtward, and the other 
half Nene from ba firſt 2 855 end- 


Ee SHE ft 


Note nie Bessel we i tor 
Hr weſtward* From che mieridian of 
London quite round the globe to 366, 
over which another ſet of numbers is en- 


er which increaſs the contrary way, by 


which - - 


which OY — 
upon the equator either eaſt or welt... Aer: : 
144. It is mid-day or non to all places 
in che ſame meridian at the ſume time. 
Thus London, Oran, Cape Coalt-eaftte. 
in n the Meditarranean, and Mundfort.on the- 
Gold-coaſt, have their noon nearly at the 
Gme time; Boten in New Eng d. about 


n 


4 h. 42 min, late; and ops: Comerin 


105 h. 48 min. later. ach %1 
146 The difference. o of lo ngitude of: any 


two places, in the quantity of an angle at. the. 


pole made by. the meridians. of thoſe places ; 
| which angle is mealured't upon (the e. 


a 10481 


To dn: this zende 5 ts 


> £6. + 14 3h, { 
* © ** 1 10 1 44 — 0 _ 4 
” ki 4 N a 
5 


[9s Bring the apts DW to one 
of the places, and the other place under the 
ſtrong braſz circle, they then contain the 
required angle; the meaſure or quantity 
which, is the number of degrees count 
on the equatot Lew 885 two * 
meridians. 43 0-1 6b 
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D 10 R 1h 10%, >d3 noyu 


| 2 — mid: day, 
ora tie un ocupe 8 
1 ' 9s” day in 


S118! 


ox not 

29 vo plage propoled. Duet Aroo-blol 
"WE 8 & ihe hour pr I ſed' bark 
Gele £7 N at 8 


the rea Fx di pa. motten of, thi 4h; 
Pere repreſents 73 te op obs, * 
fom ST to-cal eib m ach yd atm aloc 


ä All placgs, to. the e pf any Parti 
cular meridian muſt neceſſarily paſs by the 


Jun, befor if "LEND Ae MEANS Piper 


to the weſtw 5K. at particular meri 
can arrive at i. 3 


1 8 e Fa) 2 
. pope . 


| ven hour, 
| 110 11 8 5 755 * 57 Pop ito 1775 


if it be in W BP t. 

: e London it it be Sheet Ay to N 0 
graduated ſide of he he braſs meridian; 
and all thoſe 2 which lie directly under 


it, 


FTE: FO £ 7 
Ws © Oy 4 F & % 


it, derben or W ware —— 
diana when it is. .o cleck at London- 
Thus having bfouglu the Xth hour on 
dhe rquater to: the eaſtwward of London un- 
der thelidivided fille of the ſtrong braſs 
meridian, it. with:be found to pats o r the 
daun en we een 
ty:of:the gulf of Finland, Peterfburgh 


1 ;tp;erob [2 part of Moldevia and 


the, Black Sea, chens, it paſſes. axes a patt of 
'Tyrky,;, and £968; between the iſlands of 


Candig and, Cyprus in the Mediterranean, | 


thence, gyar.zthe, apigdle of. Egypt through 
the, 6aſtern de. of Alrica, ang acroks the hay 
of Logepgog;all, which, places have the ſun 

an-their; meridian when, it ig Wale in 
2 ang T Stnid 
149. Secondly. Let he hout deset be 
IVodlock in the afternoon at Fort-Royal 


in Damien. {2 noqn gut ech guivsd yall) 


Bring Pert Royal in Jamaica to the ſtramg 


du meridian, and ſet che horary vin to 


that XII which is moſt elevated; then tut 
the globe from weſt to eaſt, until the horary 
index points to IV o'clock, and the ſtrong 
braſs meridian will paſs over the weſtern 
fide of the iſle Paſares 1 in the Pacific Ocean, 
a.1cg0As< and 


£5 21 was 
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76 . * Deſeription 7 and Uk of the... 
and the eaſtern ſide of the iſle La Meſa, 
thence it croſſes the equator, and paſſes 
nearly over the iſlands Mendoca and Domi- 
nica, which places have the ſun on their 
meridian hen it is IV Oclock in the * 
noon at Port-Royal in Jamaica. ALD! 

— 150. Thirdly,” let the propoſed lobe 
30 min. paſt V -o'clock. in the morning at 
os 1 7 in che E of „ n 


5 h. 30 min. and . brafs 
meridian to paſs over the middle of Siberia, 
Chineſe Tartary, the kingdom of China, 
Canton in China, the middle of the iſland 
of Borneo, &c. at all which places it i i noon, 
(they having the ſun upon their meridian at 
the ſame time) when it is half an hour paſt 
V 1 in op MOT os W 
Sei 
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PROBEEM NK. 

To find what hour it is at any plate 

Nw when'1 It is noon "at any 


r ien 


1 place. 1 wh , _ 2 

151. Bring che ic place under the 
walk braſs meridian, and ſet the horary in- 
dex to XII, then turning the globe, bling 
the given place to the meridian, and the hour 
required will be ſhewn by the horar "index 
upon the equator. If the propoſed place be 
to the eaſtward of * the given place, the 
anſwer will be afternoon; but if to the Vet. 
ward of it, the anſwer is before noob. 

Thus when it is noon at London, it's 40 
minutes paſt XII at Rome, and 32 minutes 
paſt VII in the evening at Canton in China, 

and alſo 15 minutes paſt VII o'clock in the 
+ morning at Quebec in Canada, and this at 
one and the fame inſtant of time. 


PROBLBM 


- Defeription a be 
PROBLEM X. 


| Af any given timg, of tha day, in the 
Place here you. ar te find the 
hour at any other place propoſed. 


15275 Bring e under, the 
firong braſs. meridian, aud ſet the, horaty i in 
dex to the 1 given time 5, . then, turn the globe 
till the place Where 15 Arc 1s ubder the 
braſs meridian, ang © horary 14 0 x Fil 
point, to. the hour r and. minute required. 

Thus ſuppoce » e, are arg, af. Lg hd . + 6 
ee gk Yeh day - 
is it then at Canton Fs et, 31 
minutes paſt 1 IV} n the afternoon, ewnT | 

Allo, when. it, is, C in de Spenigg gt 
London, it is about 1 5 minutes Nat N 
oclock in the RPE: Quebec;in Ha- 

M7 bot 53:06) mm oSdov 38 grumon 

+ 0B nat eff: des 00 
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10.2980 ech eu gdolg och io tnioq i 


bK HBLA MA. _— 


he" la b 1250 Hel mot 4 
5 1 0 any | 
place ms find a that 
place upon the globe; or if it be 
not inſtrted; to Hd its place, and 


-n fix:.the Sen ter, gf the Artificial 
b Den aaeharepn- as ai 1038479 ok: 
13ivpi:do ada balls 21 aigar eich bas 229 

53. The latitude of STMyrR2; in Akas 

deg, 3d min. north itsglongitadey 27 
8 TIE gEAlt. of ——ů 5 to dong 
dann Sen We equator 
e Fatward al, our Arlt merdjan go 

e 


rong braſs circle, and under. 8 dydgg. 28 
min. on the north ſide of the equator, . | 


will find 8 myrna. a 
* ng EB of Give 1588020 875 5 Pei * 
1 deg. 2 min. ſouth, ind jongitnts 80 deg. 
17 mit» welt. of London; this place nt 
inſerted upon the globe. Therefore Bring 
the graduated edge of the moveable mg 11 
0. 80 Aeg. 33 min, cbüßted 3 
5 5 ad ide the Jiameter of, 
fic * 1811200 to 7 deg. N 52 min. 


that 


$0 a 1 Deſcription and Uſe of .. 
 - that point of che globe, where the Cape of 
Lorenzo ought to have been -placed. 

The four laſt problems depend entirely 
on the knowledge of the e 
"ference of longitude" of pes. d 
Schal li 20 01 n ogg nl 


Eris The exliptic Eb. Jorn 


lea OTOL FT NE Whicli ctolles 
the equator in an angle of about 234 de- 
and this * Is ay the F 


4+ 


oof the er 
5 eee bir ben pete, 
each of which contains 30 degrees; the be- 
ginning of each 1 zth part is marked with 
the uſual characters, which with 10 name: 
areas follow! | - al 


Tis 10 At + a on ac n + 8847149 


0 | orci? e 1/6: 
Aries, Taurus, Seed — Teo, Vigo. Libra, 
1 


2 [Ty NID 
PRA bop Ke Abend, rike. | 
N | 117 8 Ef N 


Os | 5 01 £14! (11 


I theſe the twelve ſigns. are repreſented 
pon the terreſtrial globe. Upon our. oe- 
2 globe, juſt _ the eclipic, the 
SS and days of .cach manth, TE, 
__ duated,. 


** 


. 
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duated, for the. ready fixing the artificial ſun 
upon its place in- the ecliptico. 

© The ſun's apparent place is always in this 
eindlep he: advances therein every day about 
59 min. 8 ſec;8ftote degree, and feems to 
Paſs through it in a tropml year. 

1 55. Thoſe two poitits, Where the eclip- 
tic croſſes the equator, are called equinoc- 
tial points, and are muatkedl Wich theſe cha- 
rafters and & at the beginning of Aries 
And Libra. dec 2b e id „As; 

The firſt of theſe is called tlie Reel c 
ſecond the autumnal, _Equindx. 3 eke 

rai 1365 The firſt, degree of Cancer and Ca Capti- 
corn. is marked. with, 75 charadters, S and 
ws, which two points are called the folltices ; 3 
the firſt is the ſummer ſolſtice, "the ſecond 
that of the winter; to all inhabitants upon 
the north fide of the equator ; but directly 
conttaty to thoſe on the ſouth ſide of it. 


Although: [the ecliptic: does nap; properly 
belong to the earth, yet we have placed it 


upon. our terreſtrial globe reno 
cient cuſtom; it being uſeful in ſome parti- 


cular caſes; 6 js chilly e 1055 
the celeſtial globe. D Bus ehen 


01% 0 | 155. The 


( 
' 
\ 
| 


82 Deſcription aid Le of the 


- : 0157; The longitude of the ſtars and planets 


is reckoned upon the ecliptic ; the numbers 
beginning at the firſt point of aries , where 
the ecliptic croſſes the equator, and inereaſing 


according to the order of the ſigns. 1 


158, The latitude of the ſtars and planets 
is determined by their diſtance from the 
ecliptic upon a ſecondary or great circle 
paſling through its poles, = Fonng it it at 


| right angles. 


159. Twenty-four of theſe circular lives, ; 
which croſs the-ecliptic at right angles, being 
fifteen degrees from each other, are drawn 
upon the ſurface of our celeſtial globe; 
which being produced both ways, thoſe on 
one fide meet in a point on the northern 
polar circle, and thoſe on the other meet in 
a point on the ſouthern polar circle. 


160. The points determined by the meet- 
ing of theſe circles are called the poles of 


the ecliptic, one north, the other ſouth. 


161. The Jongitude of the ſtars hath been 
obſerved to increaſe about a degree in 72 
years, which is called the preceſſion of the 


|; Equinox, | 


The 
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1 ik; celeſtial ſigns and conſtellations 


= 2 On the orkice of the eclefial globe 
ate repreſented, by a variety of human and 
other figures, to which the ſtars. that, are 
either in or near them, are referred. 


' The: ſeveral fyRems of ſtars, which are 
applied to thoſe images, are called conſtel- 
lations. Twelve of theſe are repreſented on 
the ecliptic circle, and extend both north» 
ward and ſouthward from it. 80 many of 
00 ſtars as fall within the limits of 8 de- 

rees on both ſides of the ecliptic circle, 
together with ſuch parts of their images; as 
are contained within the aforeſaid bounds, 
conſtitute a kind of broad hoop, belt, or 
| girdle, which is called the zodiac. 9 55 
The names and the reſpective characters 
of the twelve ſigns of the ecliptic may be 
learned by inſpection on the ſurface of the 
broad paper circle; and the conſtellations 
from the globe itſelf, 

163. The zodiac is repreſented by eight 
circles parallel to the ecliptic, on each fide 


thereof; theſe circles are one degree diſtant 
G 2 from 


84 - Diſeription and Uſe of cbe 
from each other, ſo that the whole brea 
ofthe zodiac is 16 degrees. 
164. Amongſt theſe parallels, the latitude 
of che planets Is reckoned; atid in their ap- 
parent motion ee exceed the Umits 
of che 20diac. TOP TENT OY 
165. On each fide of the Tödhe, as WAS 
obſerved, other conſtellations are diſtinguiſh- 
ed; thoſe on the north ſide are called nor- 
thern, and theſe on the fouth fide of it, 
ſouthern conſtellations. 
1606. All the ſtars which compoſe theſe 
conſtellations, are ſuppoſed to increaſe their 
longitude continually; upon which ſuppo- 
fitivri, the whole ſtarry firmament has a ſlow 
motion from weſt to eaſt; inſomuch that 
the firſt ſtar in the conſtellation, of Aries, 
which appeared i in the vernal interſection of 
the equator and ecliptic in the time of Meton 
the Athenian, upwards of 1900 years ago, 
is now removed about 30 degrees from it. 
Jo repreſent this motion upon the ce- 
leſtial globe, elevate the north pole, ſo that its 
is may be perpendicular to the plane of 
the broad paper circle, and the equator will 
then be in the — * let theſe repre- 
argu} | ſent 
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ſent the ecliptic,” and then the poles of the 
globe will alſo repreſent thoſe of the eclip- 
tic; the ecliptic line upon the globe will at 
the fame time repreſent the equator, inclined 
in an angle of 234 degrees to the broad 
paper | circle, now called the ecliptic, and 
cutting it in two points, which are e 
the equinoctial interſections. oth 

Now if you turn the globe ſlowly vail 
upon its axis from eaſt to weſt, while it is 
in this poſition, theſe points of interſection 

will move round the ſame way; and the in- 
clination of the eircle, which in ſhewing this 
motion repreſents the equinoctial, will not 
be altered by ſuch a revolution of the inter- 
ſecting or equinoctial points. This motion 
is called the preceſſion of the equinoxes, 
becauſe it carries the equinoctial points backs | 
* amongſt the fixed ſtars. 

The poles of the world ſeem to describe 
a circle from eaſt to weſt, round the poles 
of the ecliptic, ariſing from the preceſſion 
of the equinox. This motion of the poles 
is eaſily repreſented by the above / poſition 
of the globe, in which, it the reader 
remembers, the broad paper circle re- 
preſents the ecliptic, and the axis of the 


Nau e ü e glabe 


— . 


36 ggg dn ond Up of ths 1 
globe being perpendicular thereto repteſents 


the axis of the-ecliptic ; and the two points, 


where the circular lines meet, deſcribed in 
art, 1 59, 160. will now repreſent the poles 
of the world; whence as the globe is ſlowly 
turned from eaſt to weſt, theſe points will 
revolve the fame way about the poles of the 
globe, which are here ſuppoſed to repreſent 


the poles of tlie ecliptie. The axis of the 
world may revolve as above, although its 


ſituation with reſpect to the ecliptic be not 
altered; for the points here ſuppoſed to re- 
preſent the poles of the world, will always 
keep the ſame diſtance from the broad paper 
circle, which repreſents the ecliptic in tis | 
ſituation of the globe . 

167. From the different degrees of brights 
nels in the ſtars, ſome appear to be greater 


than others, or nearer to us: on our celeſtial 


globe, they are eee ee * dif- 
ferent magnitudes. 


General phœnomena ariſing Ran the 
_ earth's diurnal motion. 


1568. The daily rotation of the earth about 


Its axis is one " the moſt” eſſential points 


which 
. „ s Syſtem of Nat. Phil. Vol. II. p. 7304 
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which a beginner ought to have in view; 
for eyery particular meridian thereon is ſue - 
ceſſively turned towards every point in the 
heavens, and as it were deſcribes circles in 
the | celeſtial ſpheres, perpendieular to the 
axis of the earth, and parallel to each other; 
by which means the fixed ſtars ſeem to bau 
an apparent diurnal motion. enn 

169. Except thoſe two points in ergy 
firmament, into which the earth's axis, ſup- 
poſed to be ſo far extended, would fall; theſe 
two points are called the celeſtial poles, which 

_ correſpond with our terreſtrial north and 

ſouth poles, 
170. We have ſo contrived our new globes 
that the real diurnal motion of the earth 
and the apparent diurnal motion of the 
heavens are repreſented by them, art. 8 5, 86. 
and thence all problems ſolved as readily in 
ſouth as in north latitudes, and in places on 
or near the equator: by which means we 
are enabled to ſhew, how the viciſſitude of 
days and nights, their various alterations in 
length, the duration of the twilight, &c. are 

really made by the earth's daily motion, 
upon the principles of the Pythagorean . 
86 ſyſtem. | | 
- G4 in 


In fig. 26. N Qs Æ repreſent the ap- 
parent concave ſphere of the fixed ſtars, 
enꝗs æ the globe af the earth, whoſe axis 
ns is ſuppoſed to be extended to N 8, in 
the ſphere of the fixed ſtars; all the ſtars 
ſeem to -xevglve upon theſe two . as 
poles. 
If che plane n ner ange 
is conceived to be extended to the ſtarry 
firmament, it will point out the celeſtial _ 
equator Y A. 
N. repreſents the celeſtial, and n the ter- 
reſtrial-north. pole, S and s the ſouth pole. 


n of latitude, declination, tro- 
| pies and polar circles. 


171. „ Fig 26. That circle which any ſtar 
ſeems to deſcribe in twenty-four hours, is 
called its parallel; thus, ſuppoſe a right line 
drawn from C the center of the earth, 
through any point d af its ſurface, and ex- 
tended to D in the ſtarry firmament, by 
means of the earth's daily rotative motion, 
the extremity D of the line CD will de- 
ſeribe the celeſtial parallel Gx Dx G, cor- 
_ | reſponding to the terreſtrial parallel g d, of 
* 'S . | the 


; a 
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the point d. If D C be ſuppoſed to be ex- 
tended to H, the o ſide of the ſtarry 
firmament, it will. We eee prone 
equal to the former . 
Thoſe circular lines upon the terreſtbial a 
globes, which are deſcribed from the poles, 
on either fide of the equator, are parallel 
to it, and are called parallels of latitude, but 


on the celeſtial globe they are — parallels 
of declination. 


There are four principal leſſer circles pa- 
rallel to the equator, which divide the globe 
into five unequal parts called zones; theſe 
are the two tropics, and the two * 


circles. 


Me have en "Fa that the diſtance 
of any parallel from the equator, meaſured 
in the arch of a great cirele on the terreſtrial 
ſphere, is its latitude; and on b celeſtial 
ſphere, its declination, art. 1 35. | 


172. If the ſun, moon, 3 * or 
planet, is ſituated in any parallel between 
the equator A. Q, fig. 26. and the north 
pole N, it is ſaid to have north declination; 


hut if towards the in * ſouth ar 


clination. 


Thus 


—— . — — — ů —wÄꝛ v ˙wꝛm ww-̃ ̃ D —_— — 
— 


8 Dan and U e 
3 the two patallels G D, and III. 


13 the ſame declination: becauſe they are 


0; diſtant from AQ the equator ; the 
firſt hath north, the laſt ſouth declina- 
tion. "wy 
"Hence we 2 * that. a celeſtial 


parallel G X D, and its correſpondent g xd 


upon the earth, are two parallel circles, 
being ſimilar elements of a cone, whoſe axis 
is that of. the earth, and apex C, the center 


of the earth. Therefore the plane of a ter- 


reſtrial parallel cannot be the ſame with its 
correſpondent celeſtial parallel; only the 


Pe of the celeſtial equator A AN , 


the ſame with that t the terreſtrial æ z q. 
becauſe theſe two planes are produced by 
the ſame radius C Q, perpendicular to the 
ais N S, on which the earth or the heavens 
are ſuppoſed to turn. 

I by the earth's daily rotative motion, a 


ſtar D paſſes over the zenith d of any in- 


habitant of the earth, that ſtar is the celeſ- 
tial parallel, which correſponds to the ter- 
reſtrial parallel of the obſerver; for the di- 
Nance of the celeſtial parallel G D, contains 
the ſame number of degrees from A Q the 
celeſtial equator, as that of the inhabitant's 
| parallel 


s > 


V 
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parallel g d does n a. the aner 
* N 


Therefore the meaſure of the arch ere any 
inhabitants diſtance from the terreſtrial e- 
quator, which is called the latitude of the 
place, is ſimilar and equal in the number of 
degrees, to that fixed ſtar's declination, — 
paſſes over his zenith. \ a 

1f the inhabitant changes his fituation 
either north or ſouth, the different declina- 
tions of thoſe ſtars which paſs over his ze- 
nith, at the ſeveral places of his removal, 
will ſhew his adragce towards er regreſs 
from the equator. 


Whence any place upon the earth may 
be repreſented by its correſponding zenith 


point, in the apparent concavity of the ſtarry 
ſphere ; as ſhall be hereafter ſnewn. | 


173. Upon our new terreſtrial globe, there 
are twenty-three parallels drawn at the di- 
| ſtance of one degree from each other, on 
both ſides the equator ; which, with two 
other parallels at 23 degrees diſtance, in- 
_ clude the ecliptic circle; theſe two are called 
the tropics. That on the north fide of the 
J is called the tropic of Cancer; and 

the 
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the other, which is on the ſouth fide. _— 
the tropic of Capricorn, 


1.74: The ſpace. between theſe two: tro- 
pie, which contains, about.. 47 degrees, was 
We, by the ancients, the toprid zone. 
The two polar circles are now Pace at 
the fas. hene from iche poles,” _— 
two tropics are from the equator, - 
One of theſe is called the northern, the 
other the ſouthern. polar circle. 
= _ Theſe, include 23 degrees on gh ade 
af their reſpective poles, and conſequently 
: contain 47 degrees, equal to the number af 
degrees included between the tropics. 
175. The ſpace contained within, the 
northern polar circle, was formerly called 
the north frigid. zone, and that within 
the ſouthern polar circle,, the ſouth. frigid 
Zone. 
176. The ſpaces between either polar 
dach and its neareſt tropic, which contain 
about 4 3 degrees each, were called. by the 


ancients the two teßngerate n 


Wr Whenever any parallel paſſes through | 
two places en the terreſtrial lobe. theſe 
places have the lame ee Nb N 

Alſo 
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Alſo all thoſe ſtars which are in the ſame 
parallel upon the celeſtial „er have the 
ſame declination. a 1 2 | 
And as the ecliptic is wo y to the equa; 
tor in an angle of 234 degrees, and is in- 
cluded between the , tropics, every parallel 
in the torrid zone muſt. neceſſarily croſs the 
ecliptic in two places ; ; which two points 
ſhew the ſun's place, when he is vertical 
to the inhabitants of that parallel ; and the 
days of the month upon, the broad paper 
circle anſwering to thoſe. p points of the eclip- 
tic, are the days on which the ſun paſſes di- 
rectly over their heads at noon, and are 
called theip two midſummer days: whence 
the inhabitants of the torrid zone have two 
ſummers and two winters every year. 


Hence as the earth's progreſſive, or rather 
apparent annual motion, ſeems to be in the 
celeſtial ecliptic, the ſun's declination 1s 
thereby changed gradually every day. There- 
fore on our new terreſtrial globe, as men- 
tioned in art. 173. we have drawn parallels 
thro the whole ſpace of the torrid zone, and 
the two ſpaces within the polar circles, to 
give a general and clear idea of the ſun's ap- 
parent paſſage from one tropic to the other. 
* The 
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nu © The colures © 851 
10 Are circular lines drawn on the 
celeſtial globe from pole to pole, (as meri- 
dians are upon the terreſtrial globe) croſſing 
the equator at right angles, and ben . 
| — ie at oe 


179. The two celeſtial peridians "which | 
pi tes the firſt point of x and = making 
together one great circle, are repreſented by 


the circle BY K = B, in fig. 26. and are 


called the equinoctial colure. The points 
marked Y and = are called the equinoxes, 


or equinoctial points. 


180. The two celeſtial en pre 
ſented by the circle N S Q.N, paſſing 
through the ſolſtitial points (marked S and 
v$) of Cancer and Capricorn, are . the 
ſolſtitial colure. 


181. Theſe colures cut each 2 at 
right angles in the poles of the world, and 
divide the celeſtial equator, ecliptic, and 
zodiac into four equal parts, which points 
determine the four ſeaſons of the year. See 
_ wrt, 34 to 41. and art, 1897. 


A 
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| The equinoctial colure only paſſes through 
the poles of the world at n and s. But, 


The falftitial colure paſſes throu gu the 
poles of the world. at n and s, and alſo 
through the youu of the —_— af B and K, 
ig. ert 710 il 
Whence it be ry dy: ab 8 | 
tion of the earth about its axis, that the 
ſwolſtitial and equinoctial coloures are twice 
blended with every meridian upon the ſur- 
face of the earth: conſequently, each pole 
of the ecliptic appears to paſs, once every 
day, over all the meridians a the welt 
182. All thats 1 ven that are, or 
may be ſuppoſed, drawn on the celeſtial 
globe, which paſs through the poles, cutting 
the equator at right angles, are called circles 
of declination ; becauſe the declination of 
thoſe points or ſtars through which they 
paſs, or the diſtance of thoſe ſtars from the 
equator, is meaſured upon theſe circles: and 
this is done by bringing the divided edge of 
the moveable meridian to any ſtar. 
Hence the thin braſs ſemi-circle, art. 116. 
which we call the moveable meridian, is 


alſo a moyeable circle of declination. 12 
Arctic 
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Arctic and antarctic Circles, or + of 
Circles of perpetual a dane tion 
and occultation. * 


* 10 OW I 

1 183. The largeſt * ry of latitude on 
the terreſtrial globe, as well as the largeſt 
circle of declination on the celeſtial, that 
appears entire above the horizon of any 
place in north latitude, was called by the 
ancients the arctie circle, or cucle of tad | 
tual apparition. 

Between that arctic cirele and Ch 
pole in the celeſtial ſphere, are contained 
all thoſe ſtars which never ſet at that place, 
and ſeem to us, by the rotative motion of 
the earth, to be perpetually carried round 
above our- ** in circles yet 19mg to the 
1 | 

"The es e f Jatirade: on at 
terreſtrial, and the largeſt parallel of decli- 
nation on the celeſtial globe, which is en- 
tirely hid below the horizon of any place, 
were by the ancients called the antarQic 
circle, -or circle of perpetual occultation. 
This circle includes all the ſtars which 

never riſe in that place to an inhabitant 
of; 
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of the northern hemiſphere; but are pripe- 
tually below the horizon, n h 
All arctic circles touch their Beaünb 4 in 
the north point, and all antarctie circles 
touch their horizons in the ſouth point; 
which point, in the terreſtrial and celeſtial 
ſpheres, is the ene be the . 
and horizon, 
nf — bf the pole be 45 — 
the moſt elevated part either of the arctic 
or antarctic circle, 7 bel in ths n 
che place. dh 2+; 1 % 38d 
If the pole's ai * leſs: than _ 
degrees, the zenith point of thoſe places will 
fall without its arctic or antarctic ee. 7 
greater, it will fall within. a8 2:6 

Therefore the nearer * is to the 
equator, the leſſer will its arctic and ant- 
arctic circles be; and on the contrary the 
farther any place is from the te the 
greater they are. 80 chat, 
. - At. the poles, the equator, may gin 
ſidered as both an arctic and antarctic eir- 
cle, becauſe its plane is coincident with that 
of the horizon, 

Butat the equator (that is, ia a right here) 
there is neither arctic nor antarctic circle. 
| n They 


N 


"Ng 


They who live under the notthern polar 
circle, have the tropic of Cancer for their 
arctic, and that eee eee 
arctic circle. 
Aae on either works, 4 
aki the polar circles for their arctic, and 
the other for their antarctic circle. 1 b 
Hence, whether theſe circles fall within 
or without the tropics, their diſtance from 
the zenith of any place is ever equal to the 
difference between the pole's elevation, and 
that of the _— above the N of 
that place. 
e dad, it plas, 
mere may be as many arctic and antarctic 
circles, as there are individual points upon 
any one meridian, between the * * 
fouth poles of the earth. . 
184. Many authors have miſtaken theſe 
mutable circles, and have given their names 
to the immutable polar circles, which laſt 
are arctie and antarQic circles, in one parti- 
| money as . been e 
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The cauſe of the daily change in 
the declination of * ſun 


| . Ariſes from the earth's wt 8 
tion in the ecliptic, the inclination of its 
Anis, and its . moving Fm to 
itſelf, 

Imagine the plane of the earth's orbit 
extended as far as the fixed ſtars, it will 
there mark out the circle S, =, M, Y, S, 
which we call the celeſtial ecliptic z z ſee 

"Pot ut cor ith of the earth's, 6tbit 
with -the celeſtial ecliptic, is derived the 
ancient rule to find the ſun's place, if we 
firſt find the earth's place, either by obſer- 
vation or calculation; fix ſigns added to or 
ſubſtracted from it gives the ſun's true place 
in the ecliptic. Conſequently it is the ſame 
thing, when we conſider the daily motion 
of the earth about her equatorial axis, re- 
preſented by the terreftrial globe, whether 
we ſuppoſe the earth, or the ſun, to have 
an annual motion. 

It is alfo the fame thing in the ah of the 
celeſtial globe, whether we ſuppoſe the 
earth to turn upon her equatorial axis, or 
H 2 the 


* 
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- the 8 ſphere to revolye upon the ex- 
tremities of the ſaine axis extended to the 
heavens: the refiilt in either” cafe will be 
the ſame, proyided we conceive Aare at 
the center of the globe... 
186. We ſhall therefore ſuppoſe the ſun's 
apparent annual motion. to be in the plane 
of the celeſtial; ecliptic, art. 34 to 41. and 
in his paſſage through it, deſcribing by a ray 
connecting the centers of the earth and ſun, 
a different circle of declination, parallel to 
the equator every day, Whereby all who 
inhabit any of thoſe places on the earth 
which are ſituated between the terreſtrial 
tropic of Cancer repreſented in big. 26. by 
&, e, and the terreſtrial tropic of Capricorn 
repreſented by h, W, have the ſun at the 
time he is deſcribing their parallel, in their 
zenith; or directly vertical, or over their 
heads, which happens twice every year. 

187. Whence the inhabitants of _ thoſe 
places, as well as mariners who paſs be- 
tween the tropics, have a correſponding 
zenith point, where their latitude is equal 
to the ſun's parallel of declination, from 
the fun by day, and from the ſtars by 
icht. 8 


31s ie. 0) . 


It; - 


83 
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It is eaſily conceived, that if the planes 
of the equator and ecliptic were united 
in one continued plane, a central ſolar 
ray, connecting the centers af the earth 
and ſun, would by the earth's diurnal 
motion deſcribe the equator every day; 
but, as we have before obſerved, the ſun 
does apparently deſcribe a different parallel 
every day: wherefore the ecliptic and equa- 
tot are inclined to each other in an angle 
confirmed by nn 8 1 2 ay 1 
29 min. 

Let the ſun's apparent W motion be 
repreſented y the cirole , , V, S, fig. 
256, which biſects the celeſtial equator EQ 

A, in the points & and V; the firſt of 
theſe is called the autumnal, the W 
the vernal, equinoctial point. ir 

When the ſun is in , he penn to 
deſcribe the equator, at which time he has 
no declination'; and as he proceeds gra- 
dually from & towards vs, his ſouthern 
declination continually increafes, and he 
deſcribes leſs and leſs parallels, til! he 
appears in vs, and deſcribes the tropic 
of Capricorn; being then at his greateſt 
| ſouthern” declination, viz.” at his greateſt 

Hz 3 


* 


——— Je of te 


8 from the equator ſoutherly, and 
alſo in the winter folſtice. 

In paſſing from * to Y, his 2 
drereaes, and the parallels ' he deſcribes 
are greater and greater, until he comes to 
Aries, or the vernal equinox, and again 
has no declination, A8 1 N the qa | 
as before. i 8 9042! 

As he Aves! Hoe hence towards 
a. che declindiion! increaſes; and the pa- 
rallels deſcribed are leſs and leſs, until he 
arrives at G, or the ſummer ſolſtice; being 
then at his greateſt. northern declination, 
deſcribing the tropic of cancer. | 

Thence proceeding forwards towards =, 
dhe declination continually decreaſes, and | 
the parallels deſcribed increaſe till the ſun's 
arrival at the next ſucceeding autumnal 
equinox; where he again deſcribes the 
equator, having no - declination ; and com- 
pleats the length of a mean folar tro» 


pical year, en 365d. 5 h. 49 
min. 


What we than faid with reſpect to ale 
mer and winter ſolſtioes, is to be under» 
ſtood with relation to thoſe places which 
* e the equator and the north pole; 

Sei, MM 
\ 
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but to the places between the equator and 
an pole, the contrary happens. 
The two equinoxes are the lame to all 
the inhabitants of the earth. | k 
We have been thus articular” in our 
deſoription of the ſun's apparent annual 
motion, for the uſe of beginners; and we 
hope this confideration will plead” in our 
behalf, if we ſhould appear tedious or trifling 
to thoſe who are maſters of the ſubject. \ 


But what has been ſaid, might yet be 
more clearly illuſtrated by an orrery or 2 
tellurian, which ſhews the annual and diur- 
nal motions of the earth, and paralleliſm of 
its axis, &c. and by the different poſi- 
tions of the earth's axis, with reſpect to het 
enlightened diſc, will make ſu a appear to the 
eye as it is really underſtood by aſtronomers; 
and then we may with 'more propriety rn 
to the _ of the mm wy” 1 
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188. Deſcribe 3 circle ABCD; fig. 8. 
with chalk upon the floor, as large as the 
room will admit of, that the globe" may be 


moved round upon it :- divide this eirele 
H 4 | uu 
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into twelve parts, and mark them with the 
characters of the twelve ſigns, as they are 
engraved in fig. 8. or upon the broad pa- 
per circle; placing Sat the north, s at 
the ſouth, Y in the eaſt, and in the 
welt: the mariner's- hun under the 
globe will direct the ſituation of theſe points, 
if the variation. of the s 8 be 
attended to. | 
Note, At London 5 n is <= 
tween 20 and 21 N from che north | 
weſtward. _ 

Elevate the north pole * the lake. 0 
that 664 degrees on the ſtrong braſs meri- 
dian | may coincide with the ſurface of the 
broad paper circle, and, this circle will then 
repreſent the plane of the ecliptic, as Men» 
deren Jn, ame einm 

Set a ſmall table or 4 ſtool bb Cen 
ter of the chalked circle to repreſent the 
ſun, and place the terreſtrial globe upon its 
circumference over the point marked , 
with the north pole facing the imaginary 
ſun, and the north end of the needle point- 
ing to the variation: this is the poſition of 
the earth with reſpect to the ſun at the time 
of the ſummer ſolſtice about the 2 lſt of June: 


+». H | and 1 
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and the earth's axis, by this rectification of 
the globe, is inclined to the plane of the 
latge chalked circle, as well as to the plane 
of the broad paper circle, in an angle of 234 
degrees; a line or ſtring paſſing from the 
center of the imaginary” ſun to that of the 
globe, will repreſent a central ſolar ray con- 
necting the centers of the earth and ſun: this 
ray will fall upon the firſt point of Cancer, 
and deſcribe that circle, ſhew⅛ing it to be the 
ſun's place upon the terreſtrial ecliptic, which 
is the ſame as if the ſun's place, 'by extend- 
ing the ſtring, was referred to the oppoſite 
ſide of the chalked circle, here s 
_ earth's: path in the heavens. > 

If we conceive à plane to paſs through 
the axis of the globe, it will alopaſs'through 
the ſun's center, and the pbints of Cancer 
and Capricorn in the terreſtrial and celeſtial 
ecliptic ; the central | ſolar ray in this poſi- 
tion of the earth is alſo in that plane; this 
can never happen t n times af the 
Ren 805 12199 

If another plane be cies to paſs 
elirough the center of the globe at right 
angles to the central ſolar ray, it will divide 
the Fe into two hemiſpheres; that next 
the 
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- the center of the chalked circle will repre- 


ſent the carth's illuminated diſc, the con- 
trary fide of the fame plane will at the ſame 
time ſhew the, obſcure hemiſphere... - | 
The 1 reader, for the. uſe of his 
pupils, may realize this ſecond plane by cut- 
ting away a ſemicircle from a; ſheet of card 
paſte-board, with a radius of about 14 tenth 
of an inch greater than that of the globe 
itſelf; if this plane be applied to 66 4 de- 
grees upon the ſtrong braſs meridian, it will 
be in the pole of the ecliptic; and in every 
ſituation of the globe round the circum- 
ference of the chalked circle, it will afford 
a lively and laſting idea of the annual and 
diurnal motion of the earth, of the various 
phænomena ariſing from the paralleliſm; of 
the-carth's axis, and in particular the daily 
change of the ſun's declination, and the 
parallels thereby deſcribed. - 
Let the globe he. removed from vs to _— 
and the needle pointing to the variation as 
before, will- preſerve the paralleliſm, of the 
earth's. axis; then it will, be plain, that the 
ſtring or central ſolar ray will fall- upon the 
firſt point of Leo, fix ſigns diſtant from, but 
TO to the lign , BRO which the globe 
ſtands ; 
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ſtands; the central ſolar ray will now de- 
ſeribe the 20 ee a north declination, 
which will be the 23d of July, * 

If the giabe be moved in this manner 
fond point to point round the circumference 
of the chalked circle, and care be taken at 
every removal that the north end of the 
magnetic "needle, when ſettled, -points to 
the degree of the variation, the north pole 
of the globe will be obſerved- to recede from 
the line connecting the centers of the earth 
and ſun, until the globe is placed upon 
the point Cancer; after which, it will at 
every removal tend more and more to- 


wards the ſald t __ comes- © 


. d Agri 


PROBLEM s 8 


To rectify either globe to « lai | 
tude and horizon of any place. 


15809. If the place be in north latitude, 
raiſe the north pole; if in ſouth latitude, 
raiſe the ſouth pole, until the degrees of the 
given latitude, reckoned on the ſtrong braſs 
meridian under the elevated pole, cuts the 
plans of the broad paper circle; then this 


"os | 


circle will repraſent the horizon of that 
place. Thus for London, elevate the North- 
pole till 51. 3a. on the ſtrong braſs me- 

ridian, cut the broad Paper uu 

e ee 22 qr 
Aich 004 0 

» To neatly for the fan's 'sp 

l enn 8 
3 Aer the ee eee being 
the degrees of the ſun's place in the ecliptic 
line upon the globe to the ſtrong braſs 
meridian, and ſet the horary index to that 
XIIch hour 8 the e which is 
moſt elevated wee 
491. Or, it 45 fan's "ew is to be 
retained, to anſwer various concluſions, 
bring the graduated edge of the move- 
able meridian to the degree of the ſun's 
Place in th ecliptic. upon the celeſtial 
globe, and flide the wire which croſſes the 
center of the artificial fun thereto: then 
bring its center, which is the interſection of 
the aforeſaid. wire, and graduated edge of 
the: moveable meridian, under the ſtrong 
braſs meridian. as before, and ſet the horary 
index to that XII 1 the PERRY OY 


dh elevated. * 5 
” - Te 0 
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To red fy for the Zehit a of any 
| LY wy 5 place. 7 088 ban "x. 
192. After che firſt rectification; ſere w the 
nut of the quadrant of altitude ſo many de- 


grees from the equator, reckoned on the 
ſtrong braſs meridian towards the elevated 


pole; as that pole is raiſed above the yo 


of the broad paper circle; and that point 
will repreſent the zenith of the place. 

Note, The zenith and nadir are the poles 
of the horizon, the former being a point 
directly over our heads, 1 7 the IE; one 
directly under our feet. * 

193. If you are doubtful . is. 
proper point of the braſs” meridian is cor- 
| rectiy cut, when ſet by the eye, apply a card 
cut in the ſhape of fig. 27. to the place, flat 
upon the broad paper cirele, and it hes be 
truly adjuſted. *-  - 

If, when the globe is in this ſtate, we 146k 
on the oppoſite fide; the plane of the ho- 
rizon will cut the ſtrong braſs meridian at 
the complement of the latitude, which is 
alſo the elevation of the «Lore above the 


horizon, | ene 4; ” TUNER 5 
Rob. 
| ® $ee the advertiſement at the end of the preface, 
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2, PROBLEM. XI: 


To find the mond mean place upon 
the celeſtial globe, her age and 
day of the month being known. 


194. The moon inches het longinde 
hal ecliptic every day about 13 deg. 10 
min. by which means the crofſes-the meri- 
dian of ang place adeut 30 minutes later 
than ſhe did-the preceding day, 

Thus if her place be in the- l ach degree ; 
of Taurus any day at noon, it will be 25 
deg. 10 OY n eee 


noon. 

C Gab wo moon 
have the ſame longitude, or are in or near 
the ſame point of the ecliptic. . 
When they have oppoſite hates or 
are in oppoſite points of the ecliptic, it is 
full moon. Art. 56 to 64. 

To perform this problem tolerably near 
the truth, without having recourſe to. an 
ephemeris; which may not always be at 
hand. | 
Find the day of the new moon next pre- 
* the given * of the month in any 


common 


4 3 7 7 
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common almanack, the number of 6 
elapſed is the moon's age. 

The equator on our new celeſtial Bebe 


is divided by large dots into 29 3 equal parts, 
each of which is directed by a ſhort dotted 


line, to a number marked in Roman fi- 

gures, expreſſing the” oa ben. of _ 

moon's age. 061 
The WA 


195. Elevate the north pole of the ce- 
leſtial globe to go degrees, and then the 
equator will be in the plane of, and coincide 
with the broad paper circle ; bring the firſt 
point of Aries, marked Y on the globe, 
to the day of the new moon on the ſaid 
broad paper circle, which anſwers to the 
ſun's place for that day; and the day of the 
moon's age will ſtand againſt the ſign and 
degree of the moon's mean place; to which 
ſet the artificial moon upon the ecliptic on 
the globe. t 

But if you are provided with an ephe- 
meris *, that will give the moon's latitude 
and Sa] in the ecliptic ; firſt note her place 
in the ecliptic upon the globe, and then 


counting 


* The Nantical Almanack 13 1 beſt * Ephe- 
extant. 


tis Darin ond Up of the: 


Counting ſo many degrees amongſt the pa- 
rallels in the zodiac, either above or below 
the ecliptic, as her latitude is north or ſouth | 
upon the given day, and that will be the 
point which repreſents the true place of the 
moon for that time, to W apply. the 
artificial moon. 


196. Note, The artificial mooki 3 Is a mall 
thin piece of braſs in form of a creſcent, 
having two holes a and b, fig. 28. through 
| which a ſmall firing of filk twill is put, that 
it may ſlip backwards or forwards upon it. 

To one end e of this ſilk ſtring is tied 
a ſmall piece of braſs d « en ey three 
holes, ' 4 » » fond | Pp 

The manner of putting i upbn the globe 
is this : firſt put the creſcent a b, on the 
ſtring; and the piete of braſs, by paſſing 
the ſtring through the two holes d, e, the 
firing being as yet leſt free. The two ends 
of the ſtring being looſe, paſs the, end F 
round the north pole of the globe, in a 

gtoove made for that purpoſe, and tie it 

to a looſe loop like F g, then put the other 
end of the ſtring G c round the ſouth pole; 
And tie it faſt to the hole at c: then by pull- 
ing the piece d e c upwards, the ſtring may 


be tightned on any part of the globe, 5 
puſhing it downwards will flacken it; that 
it may be removed to 8 N e an 


Mem nh; er 
ys PROBLEM XIV. 


To repreſent the apparent PRO 
motion of the ſun, moon, and 


ſtars, on the celeſtial globe. 


119 'Figd the fan's place | in the ecliptic; 
by problem 1. art, 98. and to that point on 
the ecliptic line Which is drawn, upon the 
globe, ſet the center of the artificial ſun, Alſo, 


Find the moon's place by problem xiii. 


art. 1 94- and ſet the center of the artificial 
moon- upon it. 


Rectify the globe to the latitude, far” 8 
place, and zenith, by problem xil, art. 189, 
190, and 192. 
The globe being turned round its axis 
from caſt to weſt, will repreſent the appa- 
rent motion of the ſan, mn, and ſtars, 
for that day, b 
198. When the center of the artificial | 
* is in the plane of the horizon on the 
I eaſtern 


* 
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ern fide, the horary index ſhews upon 
o equator the time of ſun. ciling, ja 
199. All thoſe ſtars which. are then in the 
plane of the horizon on the eaſtern. fide; are 
at the ſame inſtant of time riſing with the 


ſun, and thoſe on the weſtern ſide of the 
Horizon, are then ſetting. 


heir diſtance from the true eaſt or 3 | 
points of the horizon, is called hw 1 2 3 4 or 
ſtar's amplitude. | 

200. And when the center of PRI arti- 
ficial moon comes to the horizon on the 
eaſtern ſide, the horary index will point to 
the hour and minute of her riſing. 


And thoſe ſtars on the eaſtern edge of the 
horizon are then riſing with ber, whilſt at 
the fame time all the ſtars, cut by the 
weltern edge, are ſetting. 


201. That degree and minute of the 
equator which is cut by the plane of the 
horizon, at the ſame time that AY center of 
the artificial fun, moon, or any ſtar, is alſo 
cut by the faid plane, is the very point of 
the equator, which riſes with either of them, 
and is called the ſun, moon, or ſtar's oblique 
aſcenſion. 


202, As 
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20a. As the ſun aſcends in the heavens 
Ul it culminates, or comes under the gra- 
duated ſide of the ſtrong braſs meridian, the 
horary index will ſucceſſively point to the 
haurs before noon; but When it is under 
it, the horary index points at XII O clock; 
and that degree and minute on the equator, 
Which is then cut by the braſs meridian, is 
called the ſun's right aſcenſion, that is, its 
diſtance from the firſt point of Aries, reck- 
oned in degrees, minutes, &c. upon the 

203. At the ſame time, that degree of 

the braſs meridian, which is directly over 
the artificial fun, is his declination, art. 133. 
for that day. 

The fame is to be obſerved of the moon 

or any ſtar, as they aſcend in the heavens, 
till they culminate or come under the meri- 
dian, the horary index conſtantly pointing 
to the hour of the day or night; their 
right aſcenſion and declination are alſo 
ſhewn in the ſame manner as that of the 
ſun. 
204. While the fan deſcends from the 
meridian weſtward, the horary index ſucs 
ceſſively ſhews the hours after noon, | 
Ap And 
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And when the-center of the artificial ſun 
is in the plane of the horizon on the weſtern 
ſide, the horary index ſhews the time of ſun 
ſetting ; and that point of the equator which 
is then cut by the plane of the horizon, is 
the point which ſets with the- ſun, W 
called his oblique deſcenſion. 21 

". 205. The number of degrees on the 
equator contained between the points of his 
oblique aſcenſion, and right aſcenſion, or 
between the points of his right aſcenſion 
and oblique deſcenſion, is called his * 
1 difference. a 


Obſerve the ſame with reſpect to the 
moon or any ſtar: as they deſcend from the 
meridian weſtward, the horary index will 
ſucceſſively ſhew the time of their arrival at 
any given point, their ſetting, oblique de- 
ſcenſion and aſcenſional difference, in the 
ſame manner as before deſcribed 1 in relation 
to the ſun. 

The rifing, ee ſetting, &c. of 
any planet may be obtained, if the place of 
the planet, its longitude and latitude being 
taken from an ephemeris, be aſcertained ; 
and an artificial planet ſet thereto, in the 
manner in which we have directed the arti- 
_— | 7" TAs 


Cileftial and Terreftrial Globes, 1 17 
ficial moon to be placed upon the globe, 
art. 196, or this laſt may ee re- 
preſent a planet. | 

Thus on the 18th day of June, A. D. 
1769 new ſtile, being the firſt year after 
biſſextile, the ſun's place will be m, 27 deg. 
22 min. the moon's place #, 18 deg: © min. 
her latitude north o deg. 30 min. The full 
moon about + of an hour paſt VIII. o'clock! 
in the mornings to which places, if the ar- 
tificial fun and moon be ſet, a beginner: 
may readily exerciſe himſelf in finding the 
proper anſwers agreeable to TY! —_ by 
ET I e -warlt 


| 5 1 0 


Parallels of altitude. des 


206. The globe remaining ceftified. as in 
the laſt problem, the uppermoſt point repre- 
ſents a point in the heavens directly over our 
heads, which is called the zenith: and as 
the braſs quadrant is moveable about its up- 
per end as a center, when that center is 
fixed to the latitude of the place upon the 
ſtrong braſs meridian, it will be in the zenith, 
and the beginning of its graduations will 
er with the yous” -of the broad paper 
I 3 Circle, 


% 


* 


* 
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circle, which in theſe caſes repreſents * 
horizon of the place. 5 

If the quadrant be moved about the aloe, 
its firſt divifion will defcribe he, horizon. 
And, | 
At the fame time, all its 8 
diviſions will deſcribe circles parallel to the 
horizon; the point marked 10 deſcribes a 
parallel of 10 degrees, the point marked 20 

a el ene eee 


20. Tbeſe citeles parallel to the hes 
are called parallels of altitude, becauſe they 
ſhew the elevation of the. fun; moon, ſtars, 
or planets, above the ane of the batt 


ZOon; 
And the diviſions on the 3? itlelf 


in each caſe repreſent the diftance of 9 
Wr to the horizon: 


PROBLEM. *. 
To find the ſun's alticade at 855 
A2 ten time of the day. 
208. Set the citing of the artificial aun to 
bis place in the ecliptic upon the globe; 


and _ it to Hann by 
nt. Ef wes problem 
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problem xf. art. 189, &r. bring the center 
of che artificial fan under the ſtrong braſs 


meridian, and ſet the hour index to that XII 
which is moſt elevated; turn the globe to 
the given hour, and move the graduated 
edge * the quadrant to the renter of the 
artificial fan; and that degree on the qua- 
drant which is cut by the ſun's center, is 
una om A 
he artificial fun beitig brought under 
the ſtrong braſs meridian, and the quadrant 
laid upon its center, will fhew its meridian, 
or greateſt altitude, for that day.” , 
if the fun be in the equator, his great eft 
or merigian altitude ts equal to the elevation 
of the equator, which is gways equal to the 
co-latitude of the place; or the unteren of 
the latitude from go degrees. 


Azimuth or vertical 88 


209. An azimuth circle. in, aſtronomy,” is s 
the 'very fatne as a circle of poſition in 
geography; they being ſecondaries to the 
Horizon, or great circles paſling through. the 
zenith'of any place, and crofſing the horizon 
at right angles: either in the heavens, called 
azimuths ;'or on the earth, circles of polition. 


a 14 Any 


% 
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Any azimuth circle may be repreſented 


by the quadrant. of altitude, when the cen- 


ter upon which it turns, is ſcrewed to that 
point of the ſtrong braſs meridian, which 
anſwers to the latitude of the place, and the 
place brought into the zenith. - 

© Suppole at London, if you bring — 
divided edge of the quadrant to 10 degrees 
on the inner edge of the broad paper circle, 
it will repreſent an azimuth circle of 10 de- 
grees; it you ſet it to 20, it will repreſent . 
an azimuth circle of 20 degrees; and iq of 


| = other. 


If the quadrang. of altitude be ſet to o 
degree, that is either upon the eaſt or weſt - 
points of the broad paper circle, it will then 


\xepreſent that ſecondary to the horizon, or 


azimuthal circle, which i is called the prime 
vertical, _ 


P R O B L E M XVI. 
To find the azimuth of the ſun, or 
any ſtar. 
210. Rectify the globe to * latitude 
and ſun's place, art. 189, 190. then turn it 


to the given hour, and bring the diyided 
| edge 


3 
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edge of the quadrant of altitude to the ſun's 
place in the ecliptic, - or to the center of 
any ſtar, ane 
azimuth require. 

The diſtance of that danmuf tha horizon, 
in which the un appears to riſe or ſet, 
counted from the prime vertical, art. 209. 
gr eaſt and weſt points of the botinun, is 
called the ſun's amplitude. - 


COROLLARY, 


To find the angle pk * of 


. 


211. The angle Apen is that formed 
between the meridian of one of the places, 
and a great circle paſipg through the other 

lace. 

, Rectify the glabe to the latitude 2 
zenith of one of the places, art. 189, 192. 
bring that place to the ſtrong braſs 'meri- 
dian, ſet the graduated edge of the quadrant 
to the other place, and the number of de- 
grees contained between it and the ſtrong 
braſs meridian, is the meaſure of the angle 
fought: Thus, 


pony 


— — — 
- 


The angle addon tear hd nag 
| dian of Cape Clear in Ireland; and St. 
Auguſtine in Florida, is about $2 degrees 
north weſterly ; but the angle « of poſition 
between St. Auguſtme and Cape Clear, is 
only about 46 degrees north eaſterly. —o 

Hence it is plain that the line of poſition, 
or azimuth, is not the ſame from either place 
to the other, as the romb-lines are. 


COROLLARY. | 
To: find the bearing of one place 
from another, 


212. The bearing of one ſea-port from 
another is determined by a kind of ſpiral 
called a romb-line, paſting from one to the 
other, ſo as to make equal angles with all 
the meridians it paſſeth by; therefore if 
both places are ſituated on the fame parallel 
of latitude, their bearing is either eaſt or 
weſt from each other; if they are upon the 
ſame meridian, they bear north and ſouth 
from one another; if they lie upon a romb- 
line, their bearing is the ſame with it; if 
they do not, obſerve to which romb - line the 
9 71 two 
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two places are neareſt parallel, and that will 

ſhew the bearing ſought. 

Thus the, bearing, of the Lizard Point 
from the iſland of Bermudas is nearly 

ENE; and that of Bermudas frotn the. 

Lizard! is WS W, both nearly upon the ſame 

romb, but in cohfrary directions. 
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| A parallel ſphere 


213; * that poſition of the globe, in which 
the e poles ate in the zenith and nadir, its axis 
at right angles to the equator and horizon, 
which coincide ; and conſequently thoſe 
circles which are parallel to the equator, are 
alſo parallel to the horizon. 


The inhabitants of this ſphere, x; any 
| there be, muſt live upon the two terreſtrial 
poles, and will have but one day and one 
night throughout the year ; and the moon, 
during half her monthly courſe, will never 
riſe, and during the other half will never 
ſet : all the 81 d ſtars, viſible to thoſe peo- 


ple, will deſeribe circles SOAP day . 
to their horizon. 


A right 
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21 14. 15 that i in which the inhabitants ſee 

both poles in their horizon, the equator 

g through their zenith and nadir, and 

all the circles parallel to the equinoctial per- 
pendicular to their horizon. 

Theſe people live upon the terreſtrial 
equator, conſequently all the heavenly bo- 
dies will always riſe and ſet perpendicularly 
to them; and their days and nights will 


be of an equal length throughout 8 * 
7 An oblique ſphere. | —_ 


215. Hath one of the poles of the globe 
above, the other under the horizon; the 
equator in all the caſes of this ſphere is half 
above, and half below the horizon, and all 
| " parallel circles cut the horizon obliquely. 

That arch of any parallel of declination 
ks the celeſtial, or "& latitude in the ter- 
reftrial ſphere that is above the horizon, is 
called the diurnal arch. Ad 


The remaining part of it, which is below 
the horizon, is called the noQturnal arch. 


Theſe 


Celeftial and Terreſtrial Globes. 125 


. Theſe arches, with reſpect to the ſun's 
apparent motion, determine the ent 
length of days and nights. 92 

The inhabitants of this ſpliers are thoſe 
| who live on all parts of the earth, except 


thoſe at the poles and upon the Equator. 


oak Of the twilight, 


That light which we have from the ſuh 
before it riſes, and alter it ſets, is called the 
twilight. | 

216, The ee or day- break, 
begins when the ſun becomes within 18 de- 
grees of the horizon, and continues till ſun- 
_ 

The evening tullight begins at the time 
of the ſun-ſetting, and continues till it is 18 
degrees below the horizon. 

For this purpoſe on our new globes a 
wire circle is fixed eighteen degrees below 
the ſurface of the broad paper circle; > 
that 

All thoſe places which are above a. wire 
circle will have the twilight, but it will be 
dark to all places below it. dit 

At the time of winter ſolſtice, when tlie 
whole ſpace within the northern polar cirele 

"= 


\ 
* 


| 
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is out of the ſun's light, the greater part of 
it enjoys the benefie of twilight 3 there be- 
ing only about 5+ degrees round * 
that will be totally dark. Neri 
We have here only confidered the tivi- 
I; ght reflected to us from the earth's atmo- 
Fc by the ſyn himſelf ;_ beſides which 
the body of the ſun is always encompaſſed 
with a ſphere of light, which being of 2 
larger \ circumference than the ſun, muſt 
riſe before him, and ſet after him; which 
conſequently lengthens the twilight by illu- 

minating our air, When the ſun is depreſſed 
too low to reach it with his own light : 
this ſeems to be the cauſe, why the ſun is 
preceded by a luminous ſegment of a circle 
in the eaſt before his riſing, different from 
that light reflected by the atmoſphere from 
the body of the ſun ; the like to which may 
be obſerved in the well after ſun-fet, 


To repreſent the earth's enlightened 


diſc by the terreſtrial globe. 


217. We have already ſhewn how the 
earth's diurnal motion is repreſented by the 
motion of the terreſtrial globe about its axis 


from 


* * 
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from. weſt: to caſt ; and that the horary . 
index will point upon the equator the 24 
FF 
of that time. 

The broad paper dots, under this con- 
ſideration, will be now employed to repre- 
ſent a plane pee w Jock through the 
center of the earth, perpendicular to a cen- 
tral ſolar ray: or in other words, 
dicular to a line ſuppaſed to be drawn from 
the center of the ſun to that of the carth 
at all times of the year. 

In which caſe, the broad paper circle 
divides that half of the-earth's ſurface, which 
is illuminated by the ſun's rays, from the 
other hemiſphere which is not enlightened. 
218. That the globe may appear to be 

ſo enlightened, conceive a ſun painted on the 

ceiling of the room in which you are, 
directly over the terreſtrial globe, and of the 
ſame diameter; from whence imagine an 
infinite number of parallel rays falling per · 
pendicularly downwards upon the upper 
ſurface of the globe, which here repreſents 
the illuminated hemiſphere of the . 


2 diſc. 


- „ +4 FS. 4 


Whence 
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 Whence it is plain, that, the central ſolat 


ray is the only one which paſſes through 
the centers of the ſun and earth, as well 
as the only ray that can poſſibly be perpen- 
dicular to the earth's ſurface; all other 
Jolar parallel rays will fall more and more 
oblique, as they are farther from the cen- 
tral ray, till their arrival at the edge of the 
enlightened diſc, here repreſented by the 
inner edge of the broad paper circle, where 
they will become parallel to the horizons 
of all places then under the ſaid cage of 
the diſc. ed 

In one diurnal revolation of the earth 


| the central ſolar ray deſcribes the parallel 


of the ſun's declination ; or rather that pa- 
fallel; to the inhabitants of which the ſun 
mat day will pafs directly vertical, or ovet 
their heads. | 

From this application of che terreftriat | 


globe, we ſee the natural caufe of the diffe- 


rent altitudes of the ſun at different times 
of the day, and at different ſeaſons of the 
year; which ariſe. from the earth's. ny 


_ *  rotative and progreſhve motion; &c. 


When we view the globe in this poſitiorr, 
we at once fee the ſituation of all places in 
the 
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the illuminated hemiſphere, , whoſe inhabi- 
tants enjoy the light of the day, while at 
the ſame time all thoſe places below the 
broad paper circle, are deprived of the ſun's 
light, and have only twilight fo far as the 
wire circle, and all below that, have total 
darkneſs, when the moon does not ſhine on 
them. | 
| And by obſerving the angles made by 

the meridians, drawn on the globe, cutting 


any parallel of latitude at the edge of the 
broad paper cirele; with the ſtrong braſs 


meridian, we ſee the ſemi-diurnal arches 


continually decreaſe from the elevated pole, 
till they come to the oppoſite part of the 


earth s enlightened diſc. 
PRO BLE N XVII. 

To rectify the terreſtrial globe, that 
the enlightened half of the earth's 
ſurface may be all above the 
broad paper circle for any time 

bol the year; the ſun being ſup- 
poſed in the zenith. 


219. On the backſide of the ſtrong, brafs 


meridian, and on each ſide of the north pole, 
| "6 are 
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aus giradumcd; in two-concentric ſpaces, the 


e days of the year. 


Bring the day of the month to coincide 


ith the broad paper circle, and the terreſ- 


trial globe is rectified. 
When the globe is thus redtifica, that 


degree and minute upon the gradnated fide 


of the braſs meridian, which is then cut 


by the p lane of the broad paper circle, is 


the Gn of the ſhade of extuberancy 
upon the earth's diſc, reckoned from the 
pole, and is equal to the ſun's declination 
for that day; and is therefore alſo equal to 
the latitude, counted from the equator, of all 
thoſe places to which the ſun is vertical ; 
'and this point on the braſs meridian repre- 


ſents the central ſolar ray deſcribing the 


Parallel of the day. | 
If now the globe be turned from weſt 


to caſt, all thoſe places which arrive at 


the weſtern edge of the broad paper circle, 
are paſſing out of the twilight into the ſun's 
light; and the fun then appears riſing to 


All the inhabitants. 


At the ſame time, if you look upon * 
eaſtern edge of the broad paper circle, it 


will cut all * places which are then 
22 . | 3 | paſſing 1 
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paſſing from the ſun's light into the twi- 
light, whoſe- inhabitants will ſee the ſun + 
. ſetting, and enjoy the twilight, until they 
arrive at the wire circle, which is placed 
18 degrees below the illuminated: Liſe, at | 
which time they enter into total darkneſs. 

The graduated ſide of the ſtrong braſs 
meridian ſhews, at the fame time, all thoſe 
places which have mid-day or noon. + 

If the horary index be ſet to XII, uhen 
any particular place is brought under the 
ſtrong braſs meridian, it wilt ſhew, as you 
turn the globe from weſt to eaſt, the pre- 
ciſe time of eee ſeuing. &c. at chat 


ee * will Go ew bow 
Wy wr moving from the weſt to 
the caſt fide of the illuminated diſe, here 
repreſented by the broad paper circle, and 
thence the length of the day and night.; it 
will alſo point out the length of the twilight, 
by ſhewing the time in which the place is 
paſſing from the twilight circle to the edge 
of the diſc on the weſtern: fide, or from the 
edge of the diſc to that circle on the eaſtern 
lide; and thereby determining the lenged of 
its whole artificial dax. * 
R We 
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_ We ſhall proceed to-exemplify theſe par- 
ticular at the times aer and . 


PROBLEM XVIII. 
* 5 The time of e. 


220. The ſun has no declination at the 
times of equinox, conſequently there muſt 
be no elevation of the poles. 

Bring the day of the month on the W 
gde of the ſtrong braſs circle, in which the 
ſun enters the firſt point of Aries or Libra, 
into the plane of the broad paper circle, 
and then the two poles of the globe will be 
in that plane alſo; and all thoſe circles which 
are parallel to the equator will cut the plane % 

of that broad circle at right angles, er 
. globe will then repreſent 4 right ſphere, 
If you now. turn the glabe from weſt. to 


= eaſt, it will plainly appear, that all places 


upon its ſurface are twelve hours above the 
broad paper circle, and as below it; 
which ſhews, that the Aich e equal to the 
days to all the inhabitants of the earth; that 
is, they are illuminated by the ſun's rays 
twelve hours: whence theſe are called the 
. 21 ſeaſons, two of which occur in 


every 
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every year ; the firſt is the autumnal, the 
ſecond the vernal, equinox, 


At theſe times the ſun appears to riſe and 
ſet at the ſame inſtant to all places in the ; 


ſame meridian. 


But their twilight is da as their SY 


tion is nearer to either pole ; in fo much 


that within 18 degrees of the poles, their 


twilight is 12 hours, conſequently there is 


no dark night in thoſe places at the times 
of equinox: when at the | ſame time thoſe 
places under the equator have only one hour 
and 12 minutes twilight; ſo that their arti- 
ficial day is about pany en at theſe two 
ſeaſons of the yea. 


Thus, if London ai Mandfold on ks | 


Gold Coaſt,” be brought to the ſtrong brafs 
meridian, the graduated ſide of which is in 
this caſe the horaty index; (tho' in other 


| caſes the hour index is to be {et to that Xl 


which is moſt elevated) if then they be 


brought to the welt ide-of dhe broad paper 


circle,. the index will point to VI o'dlock 
for ſun-riſing, and to VI for ſun-ſetting, 
. when theſe places” ® are” N to "the 
X eaſtern fide, | 


% 3; *. 48 Y\ 


Ws: > 


- 
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Aldo, if London be turned from the weſt 
towards the eaſt, and the hour index be ſet 


to XII as before, if you turn it till the iſland 
of, Jamaica comes to the meridian, it will 


* ſhew, on the equator, the hour after noon . 


at London, when it is noon at Jamaica; or 


that London paſſes under the meridian about 
5 h. 4 min. before Jamaica arrives at t. 


1 are" PROBLEM Xx. 
- The ſummer Golltice. 


221. Redify the globe to the extremity 
of the diviſions for the month of June, or 
to 23 + degrees north declination; then that 
Part of the earth's: ſurface, which is within 
the northern polar circle, will be all; illu- 
minated by; the ſun, and the inhabitants 
thereof will have continua day. 

But all that ſpace which, is contained 
within the ſouthern polar circle, will be at 
the ſame time in the ſhade, and n con · 
tinual night. 

222. In this poſition of ro eb we ſee 
how the diurnal arches. of the parallels of 
latitude decreaſe, as they are more and more 
_ diſtant from the elevated pole. 5 

R E 223. If 


ö | 
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223. If any place be brought under the 
ſtrong braſs meridian, and the horary index 
be ſet to that XII which is moſt elevated, 


and if that place be brought to the weſtern 


fide of the broad paper circle, the hour in- 
dex will ſhew the time of ſun- riſing and 
when moved to the eaſtern edge, the index 
points to the time of ſun-ſetting; the length 
of the day is obtained by the time ſhewn by 
the horary index, while the globe is turned 
from the weſt to the eaſt fide of the illu- 
minated diſc.” 
Thus it will be found that at Laid the 

ſun riſes about 1 5 minutes before IV in the 
morning, and ſets about 15 minutes after 
VIII at night. 1 
At the following 3 it vill be pl 
at the times _exprelle | 


* 
Care Horn 
ape of Good Hope 
Rio de Janario in Brazil, 
near the tropie of Ca- 
pricorn 
The Nando St . Thomas 
{ atthe 
Cape Lucas, the ho fucken 
moſt, point of kn 
fornia, /at the t 
of Cancer 


of the diyiſions for the month of December, 
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We alſo ſee, that at the time when the 
* riſes at London, it riſes at the iſſand of n 
Sicily in the e and at he 


land of Madagaſcar. - 
And that at the ee the'fun ſets 


at London, it is ſetting at che ifland of Ma- 
deira, and at Cape Horn. 

And when it is ſan-ſetting at the iſland 
of Borneo in the Eaſt Indies, the ſun is 
ang at Florida | in America. 


PROBLEM XX, 


= ** zz, =*< 


2324. Rey dhe iy to the en 


or to 234 degrees ſouth declination, | 
At this ſeaſon. it will be apparent, that 
the hole ſpace within the ſouthern polar 
circle is in the ſun's light, and enjoys con- 
i tinual. day ; whilſt, that of the northern po- 
lar circle is in the be and has coptinual 
night. 
Ihen if the globe be turned as before, 
che horary Bad will ſhew, that at the 
ſeveral places before mentioned, their days 
will be Ng er- — to * their 
Bo, 70 * 5 | nights 4 
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nights werte at the time of the ſummer 


ſolſtice. 


It will appear to bo): ſun- ſetting at the 


| time it was then ſun-rifing ; and on the con- 
trary, en, at * Os it _ A Poli 
0. n 


be terr "refixial horizon, 


225. As has been deſcribed art. 117 „ 1 
2 ſmall braſs circle with one diameter {I 
paſſes through its center ; its circumference 
is divided into eight parts, which are marked 
with the initial letters of the mariner's come 


paſs, the four cardinal points of the horizon 
being diſtinguiſhed from the reſt; this may 


be flipped from pole to pole on the move- 
able meridian, and by this' ene ve ſet to 
85 wy place upon the globe. | 
When the center of it is ſet to any p 

ticular place, the ſituation of any other Places 
| bs ſeen with, reſpect to that place; that is, 
whether they be eaſt, weſt, north, or fouth; 
thus it repreſents the ſenſible horizon. 
It will alſo ſhew, why the ſun appears at 

different altitudes and azimuths, although 


he is ſuppoſed to be always in the ame 


pack 


PROBLEM | 


4 
| 
"2 
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PROBLEM XXI. 


The ſun's altitude, as obſerved with 
- a terreſtrial or viſible horizon. 


226. The altitude of the ſun is greater 
or leſs, according as one of the parallel right 
lines or rays,” coming from the fim to us, is 
farther from, or nearer ta, our horizon. 
Apply the terreſtrial horizon to London, 
the ſun being ſuppoſed in the zenith, or on 
the ceiling directly over the globe. | 
I then from London a line paſs verti- 

cally upwards, the ſun will be ſeen from 
—4 U in that line. | 
At ſun-rifing, when London is brought 
to the weſt edge of the broad paper circle, 
the ſuppoſed line will be parallel to the ter- 
reſtrial horizon, and from London will be 
then ſeen in the horizon. 
As the globe is gradually turned ; 
the weſt towards the caſt, the horizon will 
recede from the line which paſſes perpen- 
_ dicularly upwards ;. for the line in which 

the ſun was then ſeen, ſeems to glide far- 
ther and farther from the terreſtrial horizon; 


that is, the tu s altitude increaſes as gra- 


NI. — — , a ? 


dually, | 


n 
” 


=y —— —_ 
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dually as that line declines from the ter- 
matte horizon. | 

When the horizon,” and hs line which 
goes from London vertically upwards, are 
arrived at the ſtrong braſs meridian, the ſun 
is. then at his greateſt or meridian altitude 
for that day; then the line and horizon are 


at the largeſt angle they can make that dax | 


with each other. 

After which, the motion of the globe 
being continued, this angle between the ter- 
reſtrial horizon and the line, which goes 
from London vertically upwards, continu- 
ally decreaſes, until London arrives at the 
eaſtern edge of the broad paper circle; its 


horizon then becomes vertical again, and 


parallel to the line which goes vertically up- 


wards, and will then appear in the horizon, | 


and be ſeen to ſet. 
PROBLEM XXII. 


The ſun's meridian altitude at three 
different ſeaſons, 


227. Rectify the globe to the time of 
winter ſolſtice, art. 224. and place the center 
of the viſible horizon on Landon. 

M2170 7 When 


a Sod” rc. 
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When London is at the graduated edge 
of the ſtrong braſs meridian, the line which 
goes vertically upwards, makes an angle of 


about 1 5 degrees; this is the ſun's meridian 
altitude at that ſeaſon ta the er of 
London. 


228. If the e bird the Ums 


of equinox, art. 220. the horizon will be 
farther ſeparated from the line which goes 
vertically upwards, and makes a greater angle 
therewith, it being about 384 degrees; this 
is the ſun's meridian altitude at the time of 

equinox at London. 


Hye 229. Again rectify N to the ſn: 
mer ſolſtice, art. 221 an 
viſible horizon recede farther from the line 


you will find the 


which goes from London vertically upwards; 
and the angle it then makes with the hori- 
zon, is about 62 degrees, which ſhews the 
ſan's meridian altitude at the time of the 
meer ſolſtice. 


Hence flows the peng et 


PROBLEM _ 
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PROBLEM XXII. 


To find the ſun's meridian altitude 
univerſally. 


2 240. Add the ſun's Saint to the 
elevation of the equator, if the latitude of 
the place and declination of the 180 are both 
on the ſame fide. 

If on contrary fides, ſubtract the de- 
clination from the elevation of the equa- 
tor, and you obtain the ſun s meridian a 
titude. 


Thus, the elevation of the equator or ay. I 28 
London 5 
Sun's declination May 20th | 20 8 


Their ſuin'is the ſon's meridian 8 e 8 2 
tude for that day at London 3 


Again, to the elevation of the equator? g 28 

at London, | Las 20 „ 

Add the ſun's greateſt declination at} _ 
the time of the ſummer ſolſtice, | 1 9 23 29 


Their ſum is the ſun's greateſt | meri- 
dian altitude at London Yor 67 57 


== AX x. 


To 


Whence alſo flows another method, 


— 


det. Dyer hin and Ups of | 


Jo find the ſun's gteateſt and kat 
Altitude univerfallß). 


231. Add the ſun's declination to, and 


ſubtract it from the elevation of the equa- 


tor, their ſum and difference will be the 

ſun's meridian altitudes, when he hath the 

ſame declination either north or ſouth, g 

„ e . . fs 
the equator, 3 

Add and ſubſtract the ſun's decli- 


nation, $ 


Their ſum is the ſun's meridian Kher 6 4 


tude in ſummer, - 


. Their difference his meridian atitude 
in winter, Lis, 20 1 2 


having the fame deelination « one north, the 
other ſouth. 


PROBLEM XLIV. 


The ſun's azimuth compared with 
_ the viſible horizon. 


232. "VR the ſun, as we have done 
before, to be painted on the a, directly 


Oer 


22 — 
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over the globe, art. 218. and a line going 
vertically upwards towards the ſun from any 
place on the ſurface of the globe: | 

If to that place you apply the viſible hori- 
Zon, that point of it which a vertical line i is 


neareſt to at any time, ſhews the ſun's azi- 
muth at that time: and we muſt alſo ob- 


ſerve, that that point of the terreſtrial or 


viſible horizon, to which a vertical line i 
neareſt, is always the moſt elevated point. 
233. Rectify the globe to the poſition of 
a right ſphere, art. 214. and apply the vifi- 
ble horizon to London, When London is 
at the weſtern edge of the broad paper eir- 
cle, which ſituation repreſents the time 
when the ſun appears to riſe, the eaſtern 
point of the viſible horizon being then moſt 
elevated, ſhews hel the fon at his ning is 
due eaſt. 


Turn the globe till London comes to *. 


eaſtern fide of the paper circle, then the 


| weſtern point of the viſible horizon will be 


"moſt elevated, and thew that the ſun ſts 
due weſt. 


If the globe be rectified into the poſition | 


of an oblique ſphere, art. 215. and London 
be brought to the eaſtern or weltern fide of 
the 
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-the broad paper circle, the vertical line will 
depart more or leſs from the caſt and welt 
points: in which caſes the ſun is ſaid to 
have more or leſs amplitude either north 


or ſouth, as this departure tends to either of 
8 thoſe two cardinal points. 


As the globe 1 18 turned to any particular 
time of the day, - we, ſhall. have the ſun's 
azimuth upon that point of the vilible hori- 
zon which is moſt elevated; and this will 
be the point wherein a line going towards. the 
ſun is neareſt to a vertical line; thus, if a 
line going towards the ſun; be neareſt the 


ſouth-caſt point, the ſun is then ſaid to have 
45 degrees azimuth eaſtward, that point 


being 45 degrees from the meridian. . 
234. In all poſitions of the globe in north- 
latitude, when London is brought to the 
ſtrong braſs meridian, the moſt elevated 
© point 15 the viſible horizon will always be 
the ſouth point of it, which ſhews that the 
fun, at all ſeaſons of the year, will appear 
to the ſouth of the terreſtrial horizon in all 
places included in the northern temperate 
zone; but to the north of it at thoſe ph places 
*rlthia * ſouthern temperate Zone. 


235. The 


\ 


— 
\ 
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z 23 . ' The ancient diſtinQion of the 
Aifferent places on the earth, ac- 
5 cording to the diverſity of the ſha- 

_ dows of upright bodies at noon, | 


PROBLEM XXV. 


T he aſcii, 8 thoſe who on a cektuin 
| a project no ſhade at noon. 


2 236. Rediify the globe by problem xix. 
art. 221; to the time of the ſummer ſol- 
Rice, and apply the terreſtrial horizon to 
any place ſituated on the tropic of Cancer, 
as Canton in China, and obſerve the ſun's 6 
meridian altitude with it, by bringing its 


center under the ſtrong braſs rheridian, art. 


226. it will then appear, that a line going 
vertically u upwards, will be perpendicular to 
it, conſequently the fun will be at that 
time directly over the heads of the inha- 
bitants of Canton, and project no ſhadow; 
therefore they are aſcii, their noon-ſhadow 
being directly under them. 


1 19 


— 
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At all other times of the day, thai ſha- 
dow is projected, in the morning directly 


weſtward, and in the evening directly eaſt- 


ward. 

The ſame thing wilt happen to an the 
inhabitants; who live between the ttopic 
of Cancer and that of Capricorn, if the ter- 
reſtrial horizon be gradually removed from 
parallel to parallel within theſe limits, and 
the globe rectified according to the day of 
the month as before directed; by bringing 
the ſenſible horizon to the ſtrong braſs me- 
ridian, to obſerve the ſun's. meridian alti- 
tude, we ſhall find him appear to be go 
degrees high, or vertical, at noon, to every 
place between the tropics z > all the inha- 
bitants being aſcii twice a year, except thoſe 


on the tropics themſelves, who are aſcii 


2 once 4 year. 


| wa; 7 


* 
& , 
\ # 
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PROBLEM /XXVI... 


The inhabitants of all places be- 
tween the tropics of rows and 
Capricorn, are not only aſcii, but 

amphiſeii, whoſe noon- ſhadows 
are projected ſometimes towards 
the north, at other times towards 

the ſouth. 11567 


| 237. E Place the Cafble, APD} on the 
equator, and rectify: the globe to the time 
of the equinox, art. 220. at which time the 
equatorial- inhabitants are aſcii” at noon, 
having the ſun full: eaſt of them all the 
morning, and full weft all the afternoon. 


The eaſtern point of the ſenſible horizon | 


will be always uppermoſt, or moſt elevated, 
as the globe is moved from weſt to eaſt, 
till it comes to the ſtrong; braſs meridian; 
and after it has paſſed this, the weſtern 
point will be moſt elevated. 


The ſenſible horizon remaining on the 
equator, rectify the globe to the time of the 
ſummer ſolſtice, art. 221. and you will 
999 . find 


— rr — 
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find the north point at noon will be moſt 


elevated; which plainly ſhews, that the 


inhabitants of the equator will ſee the ſun 
full north at that ſeaſon, and that "ele 
ſhade will be projected ſouthwards. 

238. If the globe be rectified to the in- | 
ter ſolſtice, art. 224. the ſouth point will 
be moſt elevated, and the inhabitants will 
ſee the ſan on their ſouth fide, _— will 
project their ſhadows northwards, 


239. Heteroſcii are thoſe who live be- 


| tween the tropics and polar _ whoſe 


nn are projected one way only. 
Thoſe in north latitude have their noon- 

e projected northwards; the ſan at 

that time being always in the ſouth. 


And thoſe in ſouth latitude have their 
noon-tide * ſhadows projected ſouthwards ; | 
. the meridian ſun 10 * to em 


in the north. 


240. Periſcii are thoſe who bee within 
the polar circles, the ſun going continually 


round them, their thadow muſt Ty 


go round them alſo. 

If the ſenſible or. terreſtrial horizon be 
applied to arly of theſe places, and the globe 
rectified according to the preceding direo- 

? | Wy tions, 
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tions, it will ſhew, that the ſun appears to 
be more elevated at one time of the day 
than at another; and alſo, which way at 
all times the noon and other e- are 
caſt. 
241. Antcci are two oppaſite . 
lying in or near the ſame meridian, one of 
them in north, the other in ſouth: latitudes 
they haye both the ſame longitude, and 
equal latitude, but on oppoſite ſides of the 
equator : they have oppoſite ſeaſons of the 
year, but the ſame hours of the day. 
2242. Periceci are two nations ſituated on 
oppoſite ſides of the globe, in the ſame pa- 
rallel of latitude, having the ſame ſeaſons of 
jon year, and oppoſite hours of the day. 


Therefore their longitude muſh; differ 
180 degrees. 

243. Antipodes are turd nations diame- 
trically oppoſite, which have oppoſite pos 
as well as oppoſite hours. 

A ſtraight line paſſing from one to the 
other muſt conſequently . paſs through the 
center, and therefore become a diameter 
of the globe. 1 


Their longitude and latitude are both 
8 


L 3 Theſe 


* 
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Theſe are exemplified by rectifying the 
globe into the poſition of a right ſphere, 
art. 220. and btinging the nations under 
confderaton tothe edge of the broad pipe 
circle. Thus, 


The inhabitants of the eaſtern parts of 


Chili are Antceci to thoſe of New England ; 
whoſe Periceci live in ithe northern parts of 
China, who are alſo antipodes to che inha- 
bitants of Chi. 

We ſhall now proceed to exemplify'the 
former ee kn a ow pen ge Pro- | 
blems. 


Norten XXVII. 


To lind all thoſe places on the globe, 
©, over whole zenith the ſun will 


_ paſs on any given day. 


244. Rectify the 8 globe, art. 
219. by bringing the given day of the 
month, on the back fide of the ſtrong braſs 
meridian, to coincide with the plane of the 
broad paper circle, and obſerve the eleva- 
tion of the pole on the other ſide; and that 
degree, counted from che equator on the 
ſtrong braſs meridian towards the elevated 


4 
2234 4 pole, 
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pole, is the point over which the ſun is 
yertical. Now. turning the globe, all thoſe 
places which pals under this point, have the 
fun directly vertical on the given daß. 

Thus bring the 1 1th day of May, into the 
plane of the broad paper circle, and the ſaid 
plane will cut 18 degrees for the elevation of 
the pole, which is equal to the ſun's decli- 
nation for that day; which, counted on the 
ſtrong braſs meridian towards the elevated 
pole, is the point over which the ſun will be 
vertical. Now turning the globe round, we 
Null find that Amalagan, one of the Ladrone 
illands, the northern part of Manilla, the 


middle of Siam, a great part of Africa, and 
St. Anthony one of the Cape Verd Iſles, the 
ſouthern fide of the iſlands Porto- Rico and 
Domingo, and the northern part of the 
land of Jamaica, &c. have all of them the 
ſun in their zenith on the 1th of May. 

Hence when the fun's declination is 
equal to the latitude of any place in the 
torrid zone, the ſun will be vertical to theſe 
inhabitants that day. 


Hence alſo we derive the following 


r 


PROBLEM XXVII. 
To | find the ſun's 4 e 
thence the parallel of latitude cor- 
teſponding therewith, upon the 
terreſtrial globe. 


245. Find the ſun's place, upon the pra 


paper circle for any given day, art. 98. and 
ſeek that place in the ecliptic line upon the 


globe; this will ſhe the parallel of the ſun's 


declination among the dotted lines, which is 
alſo the correſponding parallel of . latitude ; 
therefore all thoſe places through which this 


parallel paſſes, have the ſun 1 in their get 
| at noon on the given day. 


Thus for the 27th of July the ſun's place 
1 K 4 Fol, find this on the ecliptic line 


upon the globe, here it will cut the IN 
parallel from the equator. | 


PROBLEM XXIX. 


To find thoſe two days on Which 
the ſun will be vertical to any 
place between the tropics. 
246. That parallel of declination which 
Pre, through the Sen place, will cut the 
ö ecliptic 


152 
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ecliptic line upon the globe in two points, 
which denote the ſun's place, againſt which, 


on the broad paper circle, __ * *. ang” 
months required. 


PROBLEM XXX. 


The day and hour at any place 
being given, to find where the 


ſun IS vertical at that time. 


247. Let the given place be London, and 
time the 11th day of May at 4 minutes 
paſt V in the afternoon. 

Rectify the globe to the day of the 
month, art. 21 9. and you have the ſun's 
declination 18 degrees north; bring London 
to the meridian, and ſet the horary index to 
XII, turn the globe till the index points to 
the given hour on the equator, 4 minutes 
paſt V, then Port-Royal in Jamaica will be 
under the 18th dries of the ſtrong braſs 
meridian, which is the place where the ſun 
Is * at that inſtant, 


© PROBLEM 


Deſcription arid Uſe. of the 
"PROBLEM XXXI. 


ene of che dey at any one 
place being given, to find all 
thoſe places in which the ſun is 
then riſing, ſetting on the me- 
ricdlian, and where he is vertical; 
likewiſe thoſe places, in which it 
is midnight, twilight, and dark- 
; night, at the ſame inſtant; as 
well in thoſe places in which the 
twilight is beginning and ending; 
and alſo to find the ſun's altitude 
at any hour in the illuminated, 


and his depreſſion in the Keen 


: * . — 1 globe to the day of the 
month, art. 2 19. on the back fide of the 

ſtrong braſs meridian, and the ſun's decli- 
nation for that day, which is equal to the 
elevation of the pole, is given upon the gra- 
duated fide of the braſs meridian, by its co- 
incidence with the plane of the broad paper 
Aa 0A circle; 


| — 
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circle ; bring the given place to the ſtrong 
braſs meridian, and ſet the horary index to 
XII, upon the equator, turn the globe from 
weſt to eaſt, until the horary index os 
to the giyen time. Then 

All thoſe planets, which lie i in the later 
the weſtern fide of the broad paper circle, ſee 
the ſun riſing, and at the ſame time thoſe on 
the eaſtern fide of it ſee him ſetting. 


It is then noon to all the inhabitants of 
thoſe places under the upper half of the gra- 
duated fide of the ſtrong braſs meridian, 
whilſt at the ſame time thoſe under the lower 
half have midnight. 

All thoſe places, which are then between 
the upper ſurface of the broad paper circle, 

and the wire circle under it, are in the 
twilight; which begins to all thoſe places on 
the weſtern ſide that are immediately under 
the wire circle, to Which it is the dawning 
of the day; its end is at all thoſe places in 
the plane of the paper circle, on d the 
ſun has juſt begun to riſe. 

The contrary happens on the eaſtern fide; "Is 
the twilight is juſt beginning to thoſe places 
in which the ſun is ſetting,” and its end is at 
the place juſt under 'the: wire circle, | 


And 
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And all thoſe places which are under the 
puilight wire circle have dark night, unleſs 
the moon is favourable to them. 

All places in the illuminated hemiſphere 
have the ſun's altitude equal to their diſtance 
from the edge of the enlightened diſc, which 
is known by fixing the quadrant; of altitude 
to the zenith, and laying its graduated edge 
over any particular place. i1 

The ſun's depreſſion is obtained in the 3 
manner by fixing the center of the quadrant 
at the nadir, or that point which is wn 
under che obſerver's feet. 


PROBLEM XXXII. 


To find the time of the ſun's ail bs 


and ſetting, the length of day and 
| „ eg on any day in the year, in 
any place, whole latitude lies 
between the polar circles, and alſo 
te length of the ſhorteſt day and 
night in any of thoſe latitudes, and 
in what climate they are. 
249. Rectify the celeſtial globe to the 
latitude of the given place, art. 189. bring 
IR c 
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the artificial ſun to his place in the ecliptic 
for the given day of the month; and then 
bring its center under the ſtrong braſs me- 
ridian, and ſet the 22 index to that XII 
which is moſt elevated. 


Then bring the center of che artificial ſun 
to the eaſtern part of the broad paper circle, 
which in this caſe repreſents the horizon, 
and the horary index ſhews the time of 
the ſun- riſing; turn the artificial ſun to the 
weſtern ſide, and the horary index will ew 
the time of ſun-ſetting. 


Double the time of ſun-rifing is the Weh 
of the night, and the double of that of ſun- 
ſetting is the length of the day. 

Thus on the 5th day of June, the ſun 
tiſes at 3 h. 40 min. and ſets at 8h, 20 min. 
by doubling each number it will appear, 


that the length of this day is 16 h. 40 mi. 
and that of the night 7 h. 20 m. 


The lobgeſt day at all Places i in north 
latitude, is when the ſun is in the firſt point 
of Cancer ; and 


The longeſt day to thoſe in ſouth lati- 


tude, is when the ſun is in the fifft point of 
anne 


\ Wherefore 


PFMNRLE TTY. , >... * 


- Wherefore the globe being |xeQtified- a 
above, and the artificial ſun placed to the 


firſt point of Cancer, and brought to the 
eaſtern edge of the broad paper circle, and 


the horary index being ſet to that XII which 


is moſt elevated, on turning the globe fromi 
eaſt to weſt, until the artificial ſun coincides 
with the weſtern edge, the number of hours 
counted, which are paſſed. over by the horary 


index, is the length of the longeſt day; ; theit 


complement to twenty-four. hours * the 


length of the ſhorteſt night. we 
250. If twelve hours be ſubſtracted from 
the length of the longeſt day, and the re- 
maining houts doubled, you obtain the cli- 
mate mentioned by ancient hiſtorians: and if 
you take half the climate, and add thereto 


twelve hours, you obtain the length of the 
longeft day! in that climate; this holds good 


for every climate between the polar circles. 
1 climate is, a {pace upon the ſurface of 


the earth, contained between two parallels 
of latitude, ſo far diſtant from each- other, 


that the longeſt. day in one, differs half an 


hour from. the longeſt day in, the other 


parallel. a] 
The 
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The climates are reckoned/from the equa- 
tor to the polar circle, where the longeſt day 
is twenty-four hours ; from the polar cirele 
towards the pole the climates are faid to 
encreaſe by a Whole natural day, till 
came to a parallel under which the longeſt 


day is/fifteen natural days, or half a month, 


from this the climates are reckoned by half 
months, or whole months, in the length of 
the artificial day, till they come to the pole 


itſelf, under * enge is ſix n 


"0 T 
"PROBLEM XXXIM. 


To find all thoſe places within the 
polar circles, on which the fun 
begins to ſhine, the time he ſhines 
conſtantly, when he begins to dif- 
appear, the length of his abſence, 
as well as the firſt and laſt day of 
his appearance to thoſe inhabi- 
tants; the day of the month, or 
latitude of the place, being given.. 


251. Bring the given day of the month 


on the back fide of the ſtrong braſs meridian, - 


- to 


4 
| 

1 
A 
4 
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- tothe plane of the broad paper circle, the ſun 
is juſt then beginning to ſhine on all thoſe 
places which are in that parallel, juſt touched 
by the edge of the broad paper circle; and 
will for ſeveral days ſeem to ſkim all around 
and but à little above the horizon, juſt as 
it appears to us at its ſetting; but with this 

obſervable difference, that wheteas our ſet- 
ting ſun appeats in one part of the horizon 
only, by them it is ſeen in every part there- 


of; from weſt to ſouth, thence caſt to notth; 


and ſo to the weſt again. 


Or if che latitude was given, Ph the 
globe to that latitude, and on the back ſide 
df the ſtrong braſs meridian you obtain the 
day of the month, then all the other requi- 
ſites are anſwered as above. D el 
As the two concentric ſpaces, which con- 
tain the days of the month on the back ſide 
of the ſtrong braſs meridian, are graduated 
to ſhew the oppoſite days of the year, at 
180 degrees diſtance ; when the given day 
18 brought to coincide with the broad paper 
Circle, it ſhews when the ſun begins to * 

on that parallel, which is the firſt day of its 
pearance above the horizon of that paral- 
lel: and the plane of the ſaid broad paper 
e 
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circle cuts the day of the moch on the op- 
poſite concentric ſpace, when the, {fun begins 
to diſappear to thoſe inhabitants ; thus the 
length of the longeſt day is obtained, by 
reckoning the number of days, between the 
two oppolite days found as above; and their 
difference from 36 5 days gives che i ol 
their longeſt night. | 


PROBLEM XII. 


To find the length of any day i in the 
- years in any latitude, FA 


1H gd. 3 


252. Elevate the celeſtial globe to the lati⸗ 
tude, and, ſet the center of the artificial fun 
to his place upon the ecliptic line on the 
globe for the given day, and bring its center 
to the ſtrong braſs meridian, placing the 
horary index to that XII which is moſt ele- 
vated ; then turn the globe till the artificial 
ſun cuts the eaſtern edge of the horizon, 
and the horary index will ſhew the time of 
ſun-rifing; turn it to the weſtern fide, and 
you obtain the hour of ſun- ſetting. 

The length of the day and night will be 
attained, by doubling the time of ſun-riſing 
ad NUN, as before. 

M PROBLEM 
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PROBLEM xxxv. 


To find the length of the longeſt and 
ſhorteſt days in any latitude. 


? i 53. Elevate the globe according to the 
latitude, art, 189, and place the center of 


the artificial ſun for the longeſt day upon the 


firſt point of Cancer, but for-the ſhorteſt day 
on the firſt point of Capricorn, then pro- 


9 Grad as in the laſt problem. 


But if the place hath ſouth latitude, the 
| un! is in the firſt point of Capricorn on their 


longeſt day, and in the firſt point of er 
on their ſhorteſt day. 3 


Note, This problem is only to be ale 


in ſuch latitudes as lie between the 1 
as ſouthern polar circles. 3 96 


PROBLEM xXxVI. 


T o find the latitude of a place, in 
which its longeſt day may be of 


any given length between twelve. 


and twenty-four hours. 


i 254. Set the artificial ſun to the firſt point | 


* Cancer; bring its center to the ſtrong 


_—_ * 4 
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braſs meridian, and ſet the horary index to 
XII; turn the globe till it points to half the 


number of the given hours and minutes; then | 


elevate or depreſs: the pole; till the artificial 
ſun coincides with the horizon, and that 
elevation of the pole is the latitude ed. 


PROBLEM XXXVII. 
To | Fd the diftance between any 
two places. 


255. is the graduated edge of this 1 qua- 
drant of altitude over both places, and the 
number of degrees bettyeen therm is their diſ- 
tance, which is reduced to geographical miles 
by reckoning 66 to a degree, or to Engliſh 
miles by reckoning 69 # to one degree. 

If both places lie under the fame meri- 
dian, their difference of latitude | ls the diſ- 
tance required. 

If they are in the fame parallel of latitude, 
their diffetence of longitude is nearly the 
diſtance ſought, © provided the degrees of 
longitude be properly reduced to miles on 
the parallel on which they are meaſured : 
for a degree of longitude is not 694 Engliſh 
miles any where but *at the equator ; from 
Fen as the latitude b towards either 

b M 2 pole, 


— Ye of te 


2 becomes less and les: till it va« 
niſnes into nothing at the poles themſelves, 
viz. in go degrees of north or ſouth lati- 
tude'=, Wherefore the quadrant of altitude 


-., will hie alſo uſed here, as this will thew 


the diſtance in degrers of a great circle, of 


Which 69 wiles and 4 may be reckoned to 
2 degree: and this is indeed "the only me- 
_ thod af obtaining th var diſtance; Which 


ought to be mesſured on the arch of a 
great circle, and not on any parallel of lati- 
l TT ze £25 


” 10 "$$ 


| PROBLEM- XXXVII. fen 
To od all thoſe places Which are 
- 2 at the e from, a Bora 
5 place. 1417 1 
i 2866. Rectiſy 1 globe 15 . Gi 
rt. 189. and bring the given place to the 
ſttrong braſs meridian, aver which ſcrew. the 
center upon which the quadrant of altitade 
turns; now move the quadrant round, and 
all thoſe places, that. are cut by app one 
point on the quadrant, are equally diſtant 
| from the given place. 4 


4 N25 Role. 101 18 11 þ 
l PROBLEM 
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© PROBLEM” NN.. 


'7 Tis 11) 5 


To ſhew at one view upon the ter- 
reſtrial globe for any given Place, 
the fg” 8 teridian titude, his 0 


«paſs, on which he . and tet 
every day i in the year. eggs ix 


194 Ca. ＋ 


257. Rectify the globe to the latitude of 
the given place, art. 189. bring that place to 
the ſtrong braſs meridian, and ſet the hotary 
index to XII, ſcrew the quadrant of altitude 
to the zenith of the hotizon, and bring it to 
the braſs meridian, you will then at ane view 
ſee the ſun's meridian altitude on every de- 
gree of the ſun's declination. for the whole 
year, cut by the gradyated edge of the qua- 
drant of altitude, on the dotted parallels; 
theſe dotted parallels at the ſame. inſtant allo, 
cut the edge of the broad paper circle now 
repreſenting the horizon, in the point of the 
compaſs or amplitude, on which the ſun is 
ſeen to riſe on the eaſt, or to ſet on the weſt 
ſide of the horizon, for every degree of de- 
Sen ieee the Jer. , 
NM 8 1 


— 
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If you trace any of thoſe parallels to the 


ecliptic line, you have the ſun's place when 


he is upon that declination, and thence the 
day. and month upon the horizon. 
Alſo, the knowledge of the ſun's place 
in the ecliptic line, ſhews the ſun's decli- 
nation for on time —_ the dotted 


Os 
PROBLEM XL. 


— 


To ſhew at one view upon the 


terreſtrial globe the length of 
the days and nights at any par- 


ticular place, for all times of the 


258. Rectify the globe to the latitude of 
the place, art. 189. and the broad paper 
cirele will repreſent the horizon: and the 
upper part of the dotted parallels of declina- 
tion, which are here alſo parallels of latitude, 
will repreſent the diurnal arches. 


Whence we may obtain the number of 


hours each of themi contains, which is the 
ſolution of the 75" ron To illuſtrate 


| which, 


* y |  Elevate 


c 


I 
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Elevate the globe to the poſttion of a 
right ſphere, art. 214. and vou will, with 
one glance of the eye, ſee that all the dotted 
parallels of declination, as well ag the equa- 
tor itſelf, are cut by the ag er into two 
equal parts. 
Therefore the inbabitants on: the equi- 
noctial line have their days and nights twelve 
hours long; that is, the ſun is never more 
nor ever leſs: than twelve hours above their 
horizon, during his apparent paſſage, from 
the tropic of Cancer to the tropic of Capri- 
* and thence to Cancer again. 
All the fixed ſtars have the fame appa- 
rent motion to the equatorial inhabitants; 
that is, they riſe and ſet, continue above, 
and are depreſſed below, the horizon of 
any place upon the equator. ng twelve 
hours, 1 | 
Raiſe the north pole of the globe a few 
e of latitude at a time, and you wil 
ſee the diurnal arches will increaſe in length, 
until the pole is elevated to 664 degrees 
above the horizon: then the parallel of the 
ſun's greateſt declination will be as far from 
the equator as the place itſelf is from the 
1 and this parallel is the tropic of Cun- 
M 4 cer, 


\ 
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cer, . nend 
Port, POE brad. ; 

And on the. contrary. we may jo ug 
= the ſouthern Parallels of declination 
continually ſhorten, as the northern ones 


lengthen, until they come to the e 
Capricorn. 


Rectify the Aire to the 8 of Lame 
F 44, 514 degrees north: when the ſun is in 
the tropic of Cancer, the day is about 164 
hours; as he recedes from thence;, the days 
ſhorten, as the length of the diurnal arches: 
of the parallels. ſhortens, until the ſun comes 
to Capricorn, and then the days are at the 
ſhorteſt, being of the ſame length with the 
nights, when, the un was in Cancer, viz vin 
abqut 74 hours, a Aus 
; a aloha to the alitade.of the 
northern polar circle, and you will find, 
When the ſun is in Cancer, he touches the 
horizon on that day without ſetting, being 
completely twenty - four hours above the 
horizon : and when he is in Capricorn, he 
once appears in the horizon, but does not 
riſe for the {pace of twenty - four hours; 
when he is upon any other paralletof de- 
clination, the mw are Fare ot ſhorter, ag. 


6 „ 
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that parallel in deer fer or Katha, dem. 
the equator.. 

Elevate the globe to dhe latitude OY 80 
degrees north, at which time let the ſun's 
declination be 10 degrees north, he then 
apparently ſeems to turn round above the * 
horizon without ſetting, and never ſets from | . 
this point to Cancer, until in his return, 


after he has again Ye this * of | 
declination. 


In the ſame manner, when "ON PTA 
tion is 10 degrees ſouth, he is juſt. ſeen at 
noon in the horizon, and diſappears from 
that time in his foutherly motion, till * 
return to the ſame point. * 


Elevate the north pole to 90 dares; lou 
in the zenith, then the globe will be in the 

poſition, of a parallel ſphere, (art. 210.) and 
plane of- the horizon : conſequently all the 
northern parallels. are above, and all the 
ſouthern parallels below the horizon; there- 
fore the polar inhabitants, if any there be, 
haue but one day and one night throughout 

the year; their day, when the ſun is in his 
northern; and their night, when he is in 

you ſouthern, declination,” n . 

This | 


This method of rectifying the globe for 
north latitude holds good in ſouth n 
wu " elevating the ſouth pole. 


PROBLEM xl. 


To find what conſtellation any re- 
markable ſtar, ſeen in the firma- 
ment, belongs to. 


259. Bring the ſun's place in the ecliptic 
for that day to the ſtrong braſs meridian, 
and ſet the horary index to that XII which 
is moſt elevated, the celeſtial globe being 
reRtified to the latitude, turn the globe till 
it points to the preſent hour ; and by the 
help of the mariner's compaſs, and attending | 
to the variation, which at London is be- 
tween 20 and 21 deg. from the north, weſt. 
ward, ſet the north pole of the globe 
towards the north pole of the heavens. 
The ſtar upon the globe (if you conceive 
yourſelf i in the center,) which directs towards 


that point in the - heavens, in which the 


IIS 2p" Jens is We n 
required. 

At the ſame time, by comparing the ſtars 
in the heavens with thoſe upon the globe, 
* the 
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the other ſtars. and their conſtellations may 
be eafily known; whereby you will be 
enabled, any ſtar- light night, to point out 
many of thoſe. ſtars called correſpondents to 
various places on the earth. 


PROBLEM XII. 


To 1 at 5 5 hour any known 
far paſſes the meridian on any 


dN in the year. 


2560. ReQify the globe to the latitude, 
(art. 189.) and ſet the artificial ſun to his 
place in the ecliptic ; . bring its center under 
the ſtrong braſs meridian, and ſet the ho- 
rary index |to. XII; then turn the globe 
till the ſtar comes to the meridian; and the 
horary index will point upon the equator 
to the hour on which that ſtar will be upon 
the ſouth part of the meridian, _ 

If you turn the globe on till the center of 
the artificial ſun is under that graduated 
ſide of the braſs meridian, which is below 
the elevated pole, all thoſe ſtars, which are 
then cut by that ſide of the meridian above 
the faid pole, will pals the meridian at 
midnight. 


PROBLEM 


Va genuin and He of u. 


PROBLEM” XLII. 
To * on WIE hu tink; P's 1 | 


_— - 
ww #3 4 


any ſtar paſſes the werden at any 
propoſed hour of the night. we 


Fin o 
4164 


hs. Bring as. ſtar to the firong braſs 
meridian, and ſet the horaty index to the 


propoſed hour] then turn tho globe till the 
index points to XII, and that degree on 


the ecliptic, which is cut by the mer dan, | 
is the ſun's place, againſt which, in the 
kalendar upon the * . __ 0 
* . of * | 


PROBLEM MIV. ho 


| To 0 the circles of the Hor " 
the fancy firmament. 


262. We ſhall ſolve this problem for the 
time of the. autumnal equinox ; | becauſe that 
interſection of the. equator and ecliptic will 
be directly under the depreſled part of the 
meridian about midnight; and then the 
oppoſite interſection will be elevated above 
the horizon: and alſo becauſe our firſt 
WMA.T1NOAT | meridian 


— 
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fneridian upon the tecreſtriat globe paſſing 
through London, and the firſt point of Aries, 
vhen both globes are" rectified to the lati- 
tude of London, and to the ſun's place by 
problem XII, art. 189, 19 . and the firſt 

point of Aries is brought under the gra- 
Aduated ſide of each of their meridians,” we 
ſhall. have the correſponding; face of the 
heavens and the earth repreſented, as they 
are with reſpect to each other at that time, 
and the principal circles of n — 5 


cCoßreſpond wich each other. 


The horizon is then difingoitied; if we 
begin from the north and count weſtward, 


| by the following conſtellations; the hounds 


and waiſt of Bootes, the cler crow, the 
head of Hercules, the ſhoulders of Serpen- 
tarius, and Sabieſkt's ſhield ; it paſſes a little 
below the feet of Antinous, and thro' thole 
of Capricorn, through the Scuiptor's frame, 
Eridanus,- the ſtar Rigel in Orion's foot; 
the head of Monoceros, the crab, the head 
of the little lion, and lower N _ the 
great bear, {4 
The meridian is then en by the 
eguinoctial colure, which paſſes through the 
| Gur rg 3 in the tail of che little bear, 


* | nate 
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g under the north pole, the pole ſtar, one of 


the ſtars in the back of Caſſiopea's chair 
marked 8, the head of Andromeda, the 
bright ſtar in che wing of Pegaſus marked 
rene 
Whale. enn 3 en 
That part of the equator, which! is ther 
above-the horizon, is diſtinguiſhed on the 
weſtern ſide by the northern part of 80. 
bieſki's ſhield, the ſhoulder of Antinous, 
the head and veſſel of Aquarius, the belly 


of the weſtern fiſh in Piſces; it paſſes 


through the head of the whale, and a bright 
ſtar marked & in the corner of his mouth, 
and thence through the ſtar marked '# in 
the belt of Orion, at that time near wr 
eaſtern» fide of the horizon. 

That half of the ecliptic which is wen | 
above the horizon, if we begin from the 
weſtern fide, preſents to our view Capris 
cornus, Aquarius, Piſces, * Aries, Taurus, 
Gemini, and a x pare of the conſtellation 
The ſolſtitial PW Som the weſtern 

fide, paſſes through Cerberus, and the hand 
of Hercules, thence by the weſtern fide: of 

the conſtellation. Lyra, and through the 
dragon's 
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dragon's head and body, through the pole 
point under the polar ſtar, to the eaſt of 
Auriga, through the ſtar marked »-in the 
foot of Caſtor, and e the band . 
elbow of Orion. 


The northern * G Hou that * 
of the meridian under. the elevated pole, 
advancing towards the welt, paſſes through 
the ſhoulder of the great bear, thence a 
little to the north of the ſtar marked « in 
the dragon's tail, the great knot of the 'dra- 
gon, the middle of the body of Cepheus, 
the northern part of Caſſiopea, and baſe of 
her- throne, through Camelopardalus, and 
the head of the great bear. 

The tropic of Cancer, from 'the weſtern 
edge of the horizon, paſſes under the arm 
of Hercules, under the Vulture, through 
the gooſe and fox, which is under the beak 


and wing of the ſwan, under the ſtar called 
Saad, marked g; in Pegaſus, under the head 


of Andromeda, and through the ſtar mark- 
ed © in the northern of the conſtellation 
Piſces, above the bright ſtar in the head of the 
ram marked a, through the Pleiades, between 
the horns of the bull, and through a group. 
of ſtars at the foot of Caſtor, thence above 

a ſtar 


| 
[ 
| 
' | 
| 
{ 


\ 


a ſtar marked d, denwech Qaſtch and Nettes 
and ſo through. à part of the conRtellatiori 
Cancer, Where it diſappears by paſſing under 
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the euſtern part Uf the horizon. 

The tropic of Capricorn, fromthe weſterri 
ſide of the horizon, paſſes thro" the belly, 
and under the tail of Capricorn, thence 
under Aquarius, through à ſtar in Eridanus 


marked c, thence under the belly of the 
whale, through the; baſe of the cheralcal 


—_ whence it goes under the hare 
feet of Orion. bang Fare n 


ken the horizon. 


The ſouthern polar circle; 3 is inviſible: 11 
the inhabitants of . by mn 1. | 


SY >, 


into the fuſt — of . or 
Aries; and thence that point in 
the equator to which the ſun is 
| vertical at either of thoſe times. 


263. This tequires the knowledge of a 
meridian that ſhalt paſs through tliat point 
in the equator, to which the ſun is A ent 
at the times of equinox ; but as this point 
OAT" 15 
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1s ae fixed n muſt be firſt 
obtained. 

In —⁴ Domini 17335 the late Rev. 
| De. Bradley: obſerved the - ſun to enter 
Libra September 22d. 10 h,.24-min.. after- 
noon, new ſtile, at the _ mer 
at Greenwich. 

As the — 4 motion is from 
weſt to eaſt, it cauſes all places to the eaſt 
of any other place to paſs firſt under the 
ſun; therefore when the meridian of Green- 
wich paſſed under the ſun that day; he was 
not then arrived at the interſecting . point of 
the earth's equator and celeſtial ecliptic, but 
wanted 10h. 24m. which is equal to 1 56 de- 
grees. See the table at the end of the book for 
converting time into parts of the equinoctial. 

Whence the fixed or firſt meridian ſou ght 
is thus obtained, and lies 10 h. 24 min. 
in time, or 156 equatorial degrees welt of 
| the Royal Obſervatory at Greenwich. 

This meridian is marked by a dotted line 
on our new terreſtrial globe; it paſſes thro 
the great Pacific ſea, and croſſes. one of the 
Iſles of St. Bernard, and the Iſle des Mouches. 
The next thing to be conſidered isythe 
- neareſt mean length of a tropical year, which 

N | is 
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is a "determinate ſpace or interval of time 
between the ſun's apparent paſſage from 
one point of che ecliptic, until he returns to 
rhe ſame point again, or from one equinox 
to the Me again, be it either vetnal or 
autumnal. 

We who Pa our 7 he e 
equinox, anno 706 of the Julian period, 
which we call anno mundi o, and compute 
from Thurſday Oct. 2 5 ch, o h. o min. or 
noon, the ſun being then ſuppoſed to be 


in the firſt point of Libra on the meridian 


before mentioned, and vertical to that point 

of the equator, bene lies 156 ee weſt 

of Greenwich. 

; And ao in the meridian ef Drevaveich, - 
OR. 25th, 10 h. 24 m. upon the 298th 
day from the'calenids of Januaty. i 
The tropical year thus reckoned exceeds 

the Egyptian year by 5 h. 49 min. and is but 

11 minutes ſhort of the Julian year; fo 

much being annually allowed for the retro- 

ceſſion of the equinox, conſequently the 
mean n of = tropic year © 365 d. 5h. 


49 min. 
We are induced to meaſure time by this 


* A 


agree, 
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agree, that the earth paſſes through all the 
ſigns of the ecliptic; fo as to complete the 
circle in 365 d. 5 h. 49 min. 

See the reſpective tables of Rudolphus, 
Tycho Brahe, Caflini, Sir Jonas More, 


Wo Mc. Flamſted, Dr. Halley, Mr. Meyer, 


and Mr. Maſkelyne ; whereby it will appear 


The ſun's. mean motion in 


365 days is | II .29 45 40 
in 6 hours 14 47 
e 
Subtract, for retroceſſion, 
the ſun s mean motion 27 
in 11 minutes of time, T 
o o 005 
d. h. m. 
The quantity of one Jan: 
veer is, * 36 A 9 
from which ſubtract the ye 
retroceſſion ‚ 


Therefore the remainder 365 5 49 
completes the circle, and not one ſecond 
of time more or leſs can be 88 from 
any tables extant. | | 
N 2 And 
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And the difference between calculating 
downwards from the epoch A. J. P. 706, 
and calculating backwards in the modern 
Practice, from the various epochs, in the 
moſt celebrated tables, is, that in thoſe laſt 
epochs, the 11 minutes of retroceſſion have 
not been conſidered. b. 
From the vernal to the au-] d. k. m. 
tumnal equinox 186 11 $1 
mnal to the! mg? : 
From ae IA 7 178 17 £8 


Ning 0 

N EN 5 49 

The equinoxes IR fall every year 

5 h. 49 min. later in the day, than in the 

preceding year, and at the end of every 

annual motion of the earth, the equinoctial 

interſection changes its meridian weſtward 

| of that in which it fell the year before, = 
87 deg. 1 5 min. A wile 1c 


Precepts for the uſe of tlie tables 
0 f retroceſſion and Wu 
equinoxes. yl) | 


264. Firſt, Find the number of years 
from the radix: If the given year is be- 
| 1 | fore 
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fore the Chriſtian ra, ſubtract it from 


4008 ; the remainder is the year from the 
radix.” 


Secondly, If any ye year Bice the Chriſtian £ 


Ara be given, add it to 4007, their ſum is 
the year from the radix, | 

Thirdly, Collect the days, hours, and 
minutes of retroceſſion, and autumnal equi- 
noxes from the table,  aacording to the 
number of years from the radix, in thou- 
ſands, hundreds, tens, and units; add theſe 
into two ſums, the firſt will be the retro- 
ceſſion, the ſecond the time of the equinox 
in that meridian which lies 1 56 degrees 
welt of Greenwich Obſervatory ; to which 
add 10 h. 24 m. IR the lime at 
Greenwich, 

This method will ſerve for any other 
meridian alſo, if you add its difference in 
time from the fixed meridian. 


Solar tropical years thus reckoned begin 
and end at the autumnal equinox, 
Julian years OO —_ at the 1 ends 


of January *, 


* 3 
* The kalends of January begi in from the, noon 


of the preceding day z that is, from the noon” of the 
day before the firſt day of January. 
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In comparing ſolar tropical years: with 
Julian years, by which we ſtill compute 
time, obſerve, that the laſt nine months 
of any ſolar tropical year anſwer to the firſt 
nine months of that Julian year with which 
it is compared; and that the- firſt three 
months of the next ſucceeding tropical year 

anſwer to the three laſt months of that ſame - 
Julian year with which it is compared. 

The 298th day from the kalends of Ja- 
nuary, which was. Thurſday in the 70 
year of the Julian period, the ſun entered 
Libra at noon ; at which inftant it was 10h. 
24 min. paſt noon at Greenwich. wth 

In all calculations of autumnal equinoxes, 
we take the ſame 298th day, or October 

25th in the radical year o, for our epoch. 
And to gain the day of the month in 
which the equinox mut happen ies the 
radix, 

Add the number of dams hen 2nd 
minutes in the retroceſſion, to the days, 
Hours, and minutes of the equinox in 'the 
fixed meridian, and you obtain the Julian 

days and hours from the radix. + 

Add the epoch 298 to the days of the 
tropical. * and from their ſum ſub- 

| | | tract 71 


Celeflial. and Terreftrial: Globes, 183 
tract the entice days of the Julian reduc» 
tion, the remainder is the number of days 
from the kalends of January old. ſtile; 
add thereto eleven days, and you obtain the 
number of days from the ſaid kalends of 
January new ſtile; from which if you deduct 
the neareſt leſs number in the table of 
months (which numbers expreſb the haſt 
days of each month) the reſidue is the * 
of the ſucceeding montin. | 
But when the ſum of the Julian libs 
tion contains eighteen hours above entire 
days, it is a biſſextile year; then one da 
more muſt be added to the entire Julink 
days before the ſubtraction is made. 

When there are no hours in the Julian 
reduction, that is the firſt year after a biſſex- 
tile; if ſix hours, the ſecond; if twelve 
hours, the third; and when eighteen hours 
above entire days, it is the biſſextile year. 

And when the laſt reſult exceeds 12 
A add 1 to the days, and fubtract 12 
from the hours, and you change the me 
from aſtronomical to the civit reckoning- 

To gain the time of the equinox on any 
other metidian, add the difference af meri- 
e in the firſt meri⸗ 

N 4 dian, 


1 
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dian. Thus for London or Greenwich we 
add 10 h. 24 min. for Paris 10 h. 33 min. 
20 ſec. for n nan | 
25 min. &. | | 


To gain the week-day. 


| 7 5. Divide che days of the W te⸗ 
duction by 7; if o remains, it is Thurſday; 
if 1, Friday; 2, Saturday; and 3. Sunday; ; 
and ſo on to 6, which is r. as in 
the table of ur | 


T 0 obtain the time 2 1 veraal 


Sn. A 


266. Firſt find the autumnal equinox (oe 
| tid ame; year in which the vernal equinox 
is required; and from it ſubtract 186 d. 
11 h. 51 min. which is the diſtance in time 
from Aries to Libra; their difference will be 
the time of the vernal equinox required. 
The day of the month, and week-day 
found as above, we obtain the literal cha- 
racter for that day as follows. 
In the table of months ſtand the literal 
N that are placed againſt the firſt 
| 15 
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day of each month in any non . 
manack. 222 e e en 
And whatever letter ſtands againſt the 
firſt day of any month, the Sth, 15, 22d, 
and wy days of that month, are all cha- 
racteriſed with the ſame. | 


A circle of the 7 literal, or weck. day 
characters. 


The day of the month and week*day 
given, to find its literal character 
and dominical letter for that year. 


267. A. D. 1772, the autumnal equinox 
will happen at Greenwich, September nn 
© h. 55 min. on a Tueſday. 

Quexe, The literal character for that day 


and dominical letters for that year, it being 
biſſextile? J 


The 
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The literal character for the ui of: Sepe 
_ is F; ſo alſo is the 22d, and Tueſday 
x in the preſent queſtion, Lock on the circle 

of week day characters, call F Tueſday, 
G Wedneſday, A Thurſday, and fo on to 
Sunday which falls upon D, the laſt of the 
two dominical letters for that year, ſerving 
from the intercalary day to the years end. 

The firſt dominical letter for leap-years is 
the next in the circle, and ſerves for January 
and February, which in this example is E. 

Therefore the two dominical letters for 
the biſſextile year 1772 are E D new ſtile. 

In any common year, the letter firſt found 
ſerves for the whole year. 

The dominical letter being known, to | 
find on what day of the week any day i in 
the year falls. 

Quexx, What day of the week i the 
_ zath day of March, A, D. 17722 

The literal character for the Iſt of Mach 
1 D, fo is the 1 5th/ and the 2oth, being 5 
days more, if we count from D, which 
happens to be the dominical letter, to E 
Monday the 16th, we thall find B is Friday 
the zcth day of March, A. D. bees 
225 

It 
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I the dominical letters were required | 
for old ſtile, in theſe examples the firſt 
would be the 11th, of September 1772, 
whoſe literal character is thus found, F the 
1ſt day of September, and alſo the 8th, 

G the gth, A the 10th, and B the-11th, 
and by the following calculus Tuesday, 
therefore A C are the dominical letters old 
| tile, A. D, . N 


| 268. Re- 


188* -Deſcription-and Uſe of tbe 
268. Required the autumnal equinox at 
Alexandria i in een in the 146th g be- 


ben g 

941 ga kJ i $-uE 

att —— m — 
A.M. 3862 Hay the radix, OR. 23.4. of 706, | 
FRetroceſſion. ical reduction. 
Yours a al d. h. min. days radix h. min. 

23000 22 220 1095/7 2 0 

800 6 2 40 292193 21 20 
nn 21914 13 
2. 0/04/28 730 11 38 


39 12 2 771410565 23 58 


1 —— — — — — 


weeks 201 509 2 Saturday. 


d. h. min. 
Tropical days 365 tropical time 1410565 23 58 
epoch + 298 retroceſſion — 29 12 2 


5 863 Julian reduction 1 w_ 5 12 | 
dlian days —595 e 3d year after 
J = _  bilſextile. 

268 ” — —_— 
or aſt — $65 
& Sept. 25 d. h. min. 


4 kat. Jan. 268 23 58 fixed meridian. 
meridian diſt. + 12 25 


E = ==" <q"! 12 23 at Alexandria, 


On a Sunday, dominical letter C, in the Go 
Wy before the Chriſtian Era. 


269, To 
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269. To find the time of the'-vernil 


equinox in the ſame year, * at the ſame 
Place. 


h nal 5 t. 18585 
1 autum equinox, Sept. 26 a * 12 23 
— diſtancy in time between ul CTY 


—— 


e 59 


The fon 3 in the 1M point of Aries at Alexan- A 
© dria before Chriſt 146 years, March . F** 32 


| ö 


270. To find the time of the autumnal 
equinox at Greenwich, A. D. 1768. 


4007 
+1768 


A. M. 5775 or years from the radix 


Retroceſſion. Tropical reduction. 
_ Years a radix d. h. min. days a radix h. min. 
5000 38 + 40 1826211 * 20 
7 f 8 20 EE 40 
7 0 11 50 2556 10 
S EE 5 


44 2 45 712109274 1 
weeks 30132446 Wedneſday. 


\ 


Tropical 


6 GO 


1 tropical time er '5 | 
=73" pI +-, s 
A 2109418 48; 0 

10 0-45 becauſe of the 18 h. billextile year. 


for new file + 73 11 
Xo 264 A kal Jan. new ſtile | « 
A. for Auguſt — 443 | 
7 Hin 2 . d. h. min, 
Ras bel mtidian a kal. Jan. 264 Is 15 
meridian diſtance ; o 10 24 
5 the 1ſt Libra at G _— 
e reen- 9 265 1 49 


, 271, To find the dee bf i vernal e. equi- 
nox, A. D. 1768. 


h. min. 

From the autumnal uinox, Sept. 22, _ 265 1- 39 
ae a4 185 11 7 

78 1 46 

for Feb. 5 a 12 
r 178, J 13 48 


272 Having 
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272. Having found the autumnal, and 
vernal equinoxes for the biſſextile year, A. D. 


—.— we obtain them for the three fol- 
by continually ng e 


= 49 thus: 
© in 4 Gina d. b. m. 
1708, March 19, 78 13 48 - 1768, Sept. 22 265 1 39 
+ 5 49 5 £ 5 49 


1769, March 19, 78 19 37 
" "Þ REY 3 
1770, March 20, 70 1 26 mn 13 17 
＋ 549 » C00 . 


1771, March 20, 79 7 15 - 1771, Sept. 22, 265 19 6 


273. Required the time of the autumnal 
equinox at Greenwich, A. D. 1772. 


4007 | \ 
1772 
—— 


A. D. 5779, or years from the radix. 


Retroceſſion. Tropical reduction. 
Years à radix d. h. min. days à radix h. min. 


5000 38 4 40 1826211 19 20 

700 5 20 255669 15 40 

70 © - 50 25866 23 10 

9 0 I 39 4 3287 4 21. 

| 4 3 7)2110735 14 34 
1 5 weeks 301533 ＋4 Monday. 


Tropical 
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— r 7 0 tothe tropicalzime 2110735. 14 31 
ot 


7 . 

4 | | 211077918 o 
er becauſt of the ib h. 1 man 

* "Irs Jan. old I 
n 11 * 
8 264 A Kal. Jan. bew ſtill 
For Auguſt uguſt — wp” | K | 
Lnge, 21 d. h. m. 


in the fixed meridian à kal. Jan. 264 14 
; meridian Giſtance .- 0 10 24 


The fan in the firſt point of Libra at 46; 
Greenwich, Sept. 22 l 


On « Tueſday: Dominical letters E. D. 


g 


6 '$3 Ye 


a 274. To obtain the vernal equinox, 
A.D. 1772. ) | 8 : 


| '» i d. h. min. 
rom , , we? ; 
the autumnal * hl, Jam [ 265 o 65 

diſtance from Aries to Lil 186 a LS 


| 7 13 4 
fot February 5 


" The fun in "the firlt point of Aries at . 
| Greenwich, Mar. K 4. 


We find the two equinoxes in the three 
next ſucceeding common years, as in the 
preceding example, by the continual addi- 
tion of 5 hours, 49 minutes. 


By 


C , 
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By this method of calculation, we avoid 
any miſtake that might happen with reſpect 
to the intercalary day ; becauſe we find the 


autumnal equinox firſt, and thence the vernal 
equinox, which always falls after the inter- 


calary day; and alſo becauſe Wopical th time has 
no years, 


— 


To reduce hours, minutes, and 
. ſeconds of time, into degrees, 
minutes, and ſeconds of the 

equator. N 


275. Divide the ſeconds of time 1. 4. 
the quotient is minutes, and remainder fo 
many times 1 5 ſeconds. 

Divide the minutes by 4, the quotient. is 
degrees, and remainder f ſo many times 15 
minutes. | 
Multiply the hours by L5, the produc 
is degrees. We | | 


O ExXa ur, 


L1ovE vw .noftti yl Yo bodiem ia 
ciel 0119719 KA IPL Be 2a flicn ws 


58 


$9944 - 


+7 Reflues” 1 N 3 5 min. 27 Rein r me 
eee Hiirhites, Sc. of the"equiator. 


ini $003 7/336 ant 25977 Komp 
26 kf 2 14/6399 h. Ding deg.' min. ſec. 
ks bf —_— RW 8 
—_— 4 J114 N 
G45" 845 . 0 45 
bas 3 rürtt ende . 5 


45 I degrees, 125 tes. 250 ſe⸗ 
'- cotids of 0 equat 41 into hours, 
minutes, and ſeconds of tithe.” 


276. Divide bid Þy is Wi Quotient 


i 5 one ad remainder © 0 many times 


5 thirds. oEMHIOJS ( ; 5; Lis N fs 
| 22000 N — x, — Dt rl 
Divide minutes by ö 5 "the quotient is 


minutes, and 2 er lo many times 4 
ſeconds. 


ee dee „iaula“ 
"= Divide the degrees by 1 55 | the quotient i Is 
hours, and remainder fo many tines 4 
minutes. 
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Reduce 173 deg. 51 min. 45 ſeel of ths 
equator . ne of 


time. Ge 2213 > 5 3 7 1&0 125 I gt o 


teen mn dg. K lich. wi; _— 
e 15033 6 110% 0 ein; uber 
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"PROB 'L EM X. be 
To and all thoſe places in vieh it 


is noon at the time of an equinox, 
as well as that point upon the 


equator, to which the ſun is ver- 
tical at that time. 


277. Having found the time of an equi- 
nox by the preceding, or any other method 
a | CR, as in the firſt example, we 
all 0 2 find 


196 - » Deſcription and 'Uſe of "the | 
find the ſun entered the firſt point of Aries 
at Alexandria 'in Egypt, March . o h. 
32 min. tic 
; „ eee | 
equator, are equal to 8 degrees. ri 
Therefore bring Alexandria under the 
graduated ſide of the ſtrong braſs meridian, 
and ſet the horary index to XII upon the 
equator,” turn the globe from weſt to eaſt 
until 32 minutes of time, or 8 degrees of 
the equator have paſſed under the horary 
index, where ſtop the globe; then all thoſe 
places under the ſaid graduated ſide of the 
ſtrong braſs meridian will have noon, and 
that degree of the equator, which is then 
under the meridian, is the point to which 
the fun wis @ that inſtant vertical, and is 
the interſecting point of the 'equator and 
ecliptic, or that terreſtrial meridian, which 


| governs the paſſage of the firſt point of 
: "ne for that nad e 


cui and a r 


ile I e 8 
The 3 „ 1738, 
will fall on the 19th day of 
March, at 13 h. 4 min., which 
reduced to the degrees and mi- 
nutes of the ne is er 7 


196 degrees. 


1080 99 8011 45 


WR Bring London to the ſtrong braſs 
meridian, '-and -ſet the horary index — 
(in this caſe the graduatedl ſide is the ho- 
rary index) turn the globe from weſt to 
caſt until 13 h. 4 min. of time, or 196 de- 
Ne of the equator have paſſed upder the 
ary index, where ſtop the globe; the 
22 degree of the equator will nowgbe 
ſound f the graduated fide of the brats 
meridian, and is that point on which the ſup 
will be vertical at noon; at which inſtant 
it will be 13 h. 4 min. anne 
or Greenwich. 
: The meridian paſting: though b bein 
will be ſeen to | paſs à little eaſtward of 
Kamkatſka through the Pacific Sea acroſs 
the iſland 'Dicerta, thence eaſt of the iſle 
* rn and 2 the weſtern part af 
O 3 New 


198 Deſcription and Uſe of the: ) 
New Zeland ; all which places will have 
da i tHe inflant of chat Vernal me T 


10 ib er sd no ll lis 

The autninnal equinox; A. b 172, 
will happen September 2, o h. 
zs min; at London, the 55 min. 


being equal to 13 * 45 min. 
of the uator. 
21810 enogt $1. o nobno.I on; 2 


1 en | 
of the ſtrong bituſs meridiah, and ſet the 
Horury index to XII, turm che globe from 
weſt to eaſt; until 55 minutes; of time, or 
23 deg. 4 % min. of the equator liave paſſed 
under the horary index, where ſtop. the 
| Zoten here, as in the luſt example, the'r 3th 

degree and 45th minute is chat point upon 
the equator to whieh the ſun is vertical, 
and tho meridian paſſing through this point, 
flies under the giaduated fide of the ſtrong 


braſs meridian; which paſſes over the midz-. 


dle of Greenland, and through the Atlantic 
' Ocean'to the eaſt of Tenerife, a little to the 


weſt of Aſcenſion Iſland, and thence through 
the Ethiopic Ocean, at which places it will 
be noon at the time of this autumnal equinox. 
N 8 Here 


Here it Will be propes ul the reader 


a ſhort account bai bet tdgit 15 


viish 1nmeqqe eic yd. vu} dT 


of the 2 agreement botwoen 


ots "How #6 gain, a perfect 5 — | 
the ſituation and diſtance: of all 


places upon the earth; by the fun 
95 Sa ANY 1:191193 wot Foo 

#9 Pig 7337 29 do wiqon 903 ng9y 1861 
5 That part c of the FER which 
is in the zenith of London, f is perpendic 
to Half the globe ef the earth; N 
comprehends almoſt all the habitable land 
of Europe, Afia; Africa, and America, with 
their coaſts, capes, land,” and eas; ſince a 
under the other celeſtial hemiſpliere, whith 
we do not ſae at the ſame time, / there are 
only very inconſiderable lands and iſles. 
-: The inhabitants of Great Britain and Ire. 
land nearly ſee the fame half of the firma 
ment adorned with ſtars and planets, Which 
at all times ſupply the place of an immenſe 
map of the world; and ſhew our terreſtrial 
hemiſphere by che ſtars, conveying the cor- 

| O4 reipondent 


her called ad of commas] they are 
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: ann 


our ſight and mind. 

The ſun, by his apparent daily motion, 
ſeems to deſcribe a kind of ſpiral, in pafſing 
from one tropic to the other and back again, 
continually changing his declination, and 


* 


every * VI a — e 


art. 171 


F n of bebe Jiuroal . are 
dow on our new terreſtrial globe, art. 177, 
178. between the tropics of cancer and capri- 
corn, repreſenting the parallels for every de- 
bes of the ſun's declination. _ | 


Before the reader progeeds, be, is defired 


in order to be perfectly acquainted with the 


cauſe of the daily change in the ſun's decli- 
nation, to go back to art. OR IN app 


_ thence to the 189th art. 


Which being done, it will 5 al to 
conceive, that the ſun being in any one of 
theſe parallels, muſt neceſſarily caſt his per- 
pendicular rays that day upon the heads of 
„„ ee eee | 
„ e a AI | 


Note, Although theſe 47 W are 


alſo 
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ee of laue upon che terteſtrial | 
d From theſe piſs we” PR the FE 
tuation of thoſe places, to which the ſun is 
vertical every day in the year; we alſo find 
the time of that day at the place of any ob- 
A ſerver, from \whence looking at the ſun, we 
may pronounce him to be over the heads of 
the inhabitants of divers cities and ſtates, 
during the ſeveral hours of that day, and ſo 
og for every day in the year. ASL 

The ſun being W over any 
one of theſe diſtant Cities or principalities, 
at the time of our obſervation, if a plumb- 
line be held up between the obſerver and 
the ſun, fo as to paſs through or before 
the ſun's center, it will cut the viſible 
horizon 1 in a point, that will fix the bearing- 
or paſſage in a right line from the obſerver 
to that place, upon which the ſun is then 
vertical. 

A point thus noted upon the viſible ho- 
rizon may be ſeen at all times, and; repre- 
ſent the ſame bearing, independent of the 
ſun and ſtars, and that in ſuch a conſpicuous 
manner as to render this knowledge always 
entertaining, uſeful, and intereſting. 

645 i | 8 The 


The ſtars at pight perform the ſame more 
copiouſly, by pointing out to our ſenſes the 
diſtance af many remote provinges, at one 
ts e nent of time, frag. en 
zenith. en wit 4441 {11 VB ,VIavS lool 1109 
| "Hence. we are, in poſſeſſion f a. moſſ 
| extenliye held, wherein we may correct and 
improve our \aftonpmical.. enen 


banale. 1919 272VID 10 21010217 {11 9 $) 


0 De 1 *ab +; 10 21 111 1 WHgeT 571 
— of ſolar n | 
VAR 270 * TIT 100090119) uad 11 n 1 


ic: PROBLEM XUVE > 54 


UE find the folar correſpondence — to | 
a fired point upon the earth, 
chen the fun is ſeen by an ob- 
ſerver, ſituated upon any other 
point ois ſutface. 3 


o 44 Ir! 01 
: 


EXAMPLE 1. «ag 


in B34 mtr 


281. Let the obſerver tbe i in — hh (or 
in any of the country places within thirty 
miles of it) upon the 4oth day of March, 
at e bee mann 


2 Tr 1 2 


- 
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Quxxx, The place upon which the. ſun 
mou be! vertical at that unn mi noch? 
Rectify the globe, by bringing the loth 
2 — on the back of tlie 
ſtrong hraſs meridian, to the plane of the 
broad? paper cirble; find the ſun's! place, 
againſt the day of the month in the kalen 
dar; which will be about 20 deg. 10 min. 
in Piſces; ſeck theſe degrees and minutes 
in the ſign Piſces upon the ecliptic line on 
the globe, and you will find it fall upon 
all the inhabitants on this parallel, the ſun 
will be vertical that day. Now bring 11 h. 
10 min. on the equator to the graduated 
ſide of the ſtrong braſs meridian, and you 
will find. it cut the fourth ſouthern 15 
upon the city of Loango, on *., Ry 
coaſt of Africa. Pi 
\ Therefore if you look at the — 10 mi- 
oben paſt XI in the morning at London, 
you will then ſee him at the inſtant he is 
directly over the heads of the inhabitants af 
the city of Loango in Africa; at the ſame 
time, your ideas are made ſenſible of the 
comparative diſtance, which you ſee in the 
firmarient between the zenith of London, 
eth 22 ld Srl Nn | under 


under which you ſtand, and the ſun, which 
is then in the zenith of Loango; alſo if at 
the time of your obſervation, you cauſe a 
plumb- line to be held up between you and 
the center of the ſun; and caſt your eye 
down towards the moſt diftant part of your 
ſenſible horizon, the plumb-line will cut 
a point thereon, which, if remembered, will 
always ſhew you the true bearing or point 
of the compaſs, in a direct line from _—_ 
n to that of Loango. 
This diſtance and bearing ny 1 nearly 
found by the globe thus: = 
Elevate the globe to the latitude of Lon- 
don, that the broad paper circle may repre- 
ſent your horizon; ſcrew the nut of the 
quadrant of altitude in the zenith, that is, 
upon '51 deg. 32 min. counted from the 
equator towards the elevated pole,” bring 
London under that point, and lay the gra- 
duated edge of the quadrant upon Loango, 
which will cut the bearing 15 degrees, 
reckoned from the ſouth towards the eaſt, 
or between the points SSE and 8 bE; now 
ſeparate the quadrant from the globe, and 
lay its graduated edge upon Loango and 
London, ſo that the beginning of the gra- 
duation may lie upon one of the places, then 
the 


204 
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the other will cut 56 degrees, which is 
equal to 3360 geographical miles, or 3892 4, 

_ Engliſh miles, the diſtance between London 
and Loango. 

To elucidate this example, we ſhall trace 
the ſun's-verticity over that part of this day's 
| of declination, which is incladed 
between the rifing and ſetting ans at 1 11 
don for that day. 

Imagine, as we have before em an 
image of the ſun to be painted upon the 
cieling of the room, directly over che ter- 
reſtrial globe. 


Let the globe be rectified to the i oth 
of March, place the center of the artificial 
horizon upon London, and bring it into a 
coincidence with the weſt fide of the plane of 
the broad paper circle, now repreſenting the 
edge of the earth's illuminated diſc ; we 
ſhall then have the poſition of the earth 
with reſpe& to the ſun for that day; when 
the inhabitants of London will be leaving 
the twilight, and paſſing into the firſt point 
of day, or ſun-rifing, at about 18 minutes 
paſt VI in the morning, cut by the gra- 
duated fide of the ſtrong braſs meridian on 
the hour line under the equator; at this 
7 time, 


| 
' 
| 
| 
| 


and the Maldive Ifles ; if we look: upon the 


206 «Deſeription-and Ie of the 


time, the meridian will likewiſe, toſs the 
fourth parallel of ſouth declination, in the 


Indian Ocean, between the iſland of Sumatra 


ſun that morning at the inſtant of his riſing, 


we ſhall ſee that his diſtance from our zenith 


will then be 90 degrees, he being in our 
horizon, which is equal to 5400 geogra- 
phicat br 6155 Engliſh miles, the diſtance 


from London to that part of the Indian Sea ; 


turn the globe from weſt to eaſt, until 
8 b. 12 min. are under the horary index, ; 
which in this caſe is the ſtrong, braſs meri- 
dian, and it will cut the iſle Macarenhas, to 


which the ſun will then be perpendicular ; 


at + paſt IX he will be perpendicular to the 
coaſt of Zanguebar, his central Tay paf 


between Monibacca and Pemba ; . thence it 


paſſes over the kingdoms of Monomugi, 


Macoco, Congo, &c. until he is perpen- 


dicular to the city of. Loango, upon the 
weſtern coaſt of Africa, at 11 h. 10 min. the 
fame morning; immediately after Which, | 
his perpendicular rays are abſorbed in the 
Ethiopic Ocean, over Which he is 3 b. 


22 min. in paſſing to Fort St. Lucar, oh 


the eaſtern coaſt of America, at 32 minutes 
paſt 


Coat bod Nd, Obes. 2067 
paſt II in the afternoon z- thenc he proceeds 


to ſend forth his perpendicular rays oyer the 


heads of the inhabitants of Brazil, acroſs the 
Vaſt country of the Amazons and Peru, ur in 
the decline of our evening, until his arrival 


Fe Ca Blanco on the weſtern fide "of 
u Kere, 4 little beföt he ſets to the 
1 of London: * 2 * * about 40 


e mend © clock. vn 2H 
N oi 2897 OD \: NR 2 10 
Holt Bula PL'E | 14K 


DAA 162102 


to __ Every * rectification being en 


as in the firſt hong ; . What is the place 
"upon, which the ſun is a correſpondent. at 
1 * minutes paſt VI in the evening of the 
of May, the ſun's place being. about 

47 7 deg. 40 min. in Taurus, or nearly vertical 
a the 17th parallel of north declination on 
"that day ? Turn the globe from welt to caſt, 

until London has pafſed the ſtrong braſs 

meridian, and ſtop when its graduated fide 

is directly over 6 h. 48 min. afternoon, and 

it will ent the 17th parallet of noch de- 
'Elination, © the city of Acapulco on the 
weſtern coaſt of Mexics, over” which the 

fon will then od vertical.” ; 


— 


Idi 30 722 
EXAMPLE 


* 
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253. ſr” the obſerver be at 12 Clear 
on 45 weltern coaſt of Ireland, on the 16th 
day 6f July, at 54 minutes paſt” VII in the 
morning. 

. Quzzs, The place upon which the fun 
will then be vertical? 
be ſun's place being in the 2 
of Cancer, which on the globe mee upon 
the 21ſt parallel of north declination. 


Bring Cape Clear to the graduated ſide of 
- the ſtrong braſs meridian, and ſet the horary 
index to XII, turn the globe till 8 h. 54 min. 
amongſt the Sahin Paß are under che 
horary index, and you will fihd the gra- 
duated fide of the ſtrong braſs meridian! to 
cut the 21ſt parallel of north declination 

I upon Farrat in Nubia, on the weſtern coaſt 

of tic Red Sea. | 


deri . 45 8 i 
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: ln 5 Let the obſerver be at Rome 0 on the 
20th day of November, at 37 miniates paſt 

X in the morning. 

_ .Quexs, The place upon which the ſun 


The 


will be vertical at that dd 


© Celeftul\unt Terrefirial Globds. 
— : ſun; being about 284 degrees in 
Scorpio, which falls to the ſoutliward bf the 
20th parallel of ſoath declination 
Bring Ronie to the graduated fide of che 
ſtrong braſs merididn, and ſet the horary 

index to XII, türtt the globe to Rave 10 h. 
37 min. under the-horary index, and the ſaid 
graduated ſide will then cut, under the 2oth + 
parallel of ſouth declination, the city of So- 
fala in the kingdom of Quiteri; to the ſoutli 
of a on ee eaſtern coal of 
Africa. 2 A l: 118 

We nd 0 theſe fol camples are 
ſuflicient to: giver the reader a Clear idea of 
the ſolar correſpondents to all places within 
the torrid ane, and to ane dn d d. 
zover ſome thouſands more. 

Although we can have but one ſolar c cor- 
reſpondent at the "file time; yet, as in the 
firſt example, we can trace him through 
his diurnal parallel for every hour and ini- 
nute of the _ a W . * 
in the year. | 

Nothing can 10 eaſier aids intellipible' 
than this 2 of improving the mind, 
by repreſenting to the eyes the diſtance 
* -9_6 on zenith to that of every ſpot 
. 0 P dk 
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210 .Dyſeriptin a Le , te 
of land and ſea within the trbpics; lien 
at &yery fiagle obſervation We have it als: 


in our powWenzte note dhe! beating of och 


of theſe pages; don cor viſihle horizon, 
Wꝛghich may be referred to, at. all times, when 
_ the ſun is npt in that parallel. II. ©} 1b . 


Let us now change the ſeene, and pro- 


»: atontrind — 
- that of the flars; which will preſent to Our 


view a copious" field of geographical know-' 
ledge; many of | theſe may be ſeen at one 
and the ſame inſtant of time, when theꝝ ate 
in the zenith of ſo many different places 
upon the earth, and then immediately aſter. 
F Oe ee 
e e e 2p 


4 *. 
fit Wisler i 01 cg 


ot the celetp] cxxreſpandents. 


. n IN l wW- 
K Op oi 
reſpondents diſcovers a new ſyſtem of aſtro- 
nomical geography. The perfect agreement 
between the celeſtial and terreſtrial ſpheres 
conſtitutes this ſyſtem; which may with very 
little trouble be underſtood, by making the 
ns bas one a guide —ů— 
other; 


cuil and Nr, Ot. 271 
other z the object of tig crrefponittice is 
the con tinual variation between the parts of 
the eeleftisl and tetteſtrial ſpheres” 


Geography alone being g cafier, "than aſtro- 
nomy, has generally a rticular place in 
the education, of young RN Rt who fel- 
dom leave their juvenile ſtudies without 
gainipg ſome idea of the four quarters of the 
world, a flight notion of the fituation of 
places with reſpe& to each other, and a 
ſketch of the principal empires; but gene- 
rally without any application to the ter- 
reſtrial, and ſcarce ever a compariſon of that 
with the celeſtiat globe; and without feeling 
a lively curioſity to become acquainted with 
theſe neceſſary and improving branches of 
ſcience. 

'To facilitate "he! ſtudy of geography, it 
Has always been neceflary to lay maps a 
charts before a pupil, which are generally 
ſeparate plans of different countries. But 
what idea do theſe afford of the vaſt extent 
of the earth, of its ſpherical form, or of 
the proportionable diſtanees, real bearings, 
KK. of the empires, kingdoms, and ſtates 
on the habitable part of our N 


gbe? 


P 2 How 


— 6 
R 


ed, as never to be eraſed, 
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the, proportionable diſtances of the. fixed 
ſtars, when, compared with the natural diſ- 
tances of, the ſeveral places. upon the earth, 


F: which they dart, their 2 
7. Merch conſtituting . this new ſyſtem 


"of aftronomical geography, by Ocular de- 


mooſtration? my are faithful teſtimonies 


of the vaſt extent 5 the univerſe, and they 
| declare the diſtance, bearing, and 4 Fain 


of all places upon the earth, _ 1 3 
_ By theſe means, together with the aſt. 


ance” of maps and charts, ſuch a 


and clear idea of geography will be attained, 
and its natural principles fo firtnly ltablith- 


| \ y BEE 


The conſequences to be drawn T9, U 
theſe, principles are entirely in fayour of 
1 betyeen the 2 * TY ia 


; . 
7 hr 4 \ ; 2 S (7 


Of the paſſage or uli of the fil 
Point of Aries over the meridian. 


2286. This point n the e 
daily motion of the heavens, and fixes the 
continual difference in the courſe of the ſun 


* ſtars. 
l SL. 


- 
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The knowledge af that particular point 
on-the- terreſtrial equator,” where its inter- 
ſection with the celeſtial echptic happens | 
to fall at the time of a vernal "equinox, 
points out that place upon the earth to which 
the ſun is vertical at that time; and from 
the knowledge of this we obtgin ce dme of 
its paſſage over any meridian ape the ones 
for evety day of the ver. 
The conformity of the degrees of 1 ert 

aſcenſion, with thoſe of terreſicdt 4 longitude, 
happens but upon ohf¼⅛ moment ofthe 24 
hours, in a natural day + when the fir̃ſt Point 
of Aries is on the merickan ef London, 
the firſt degree of right aſcenſion Lion is 
meridiam alſo; and the ſignal to! eonifirtr 
this is, when a ſtar of the ſecond magnitude 
marked near the extremity of the. wing 
of Pegaſus, is upon the meridian. at that 
inſtant;' the equinoctial colure will be upon 
the meridian alſo; for this colure paſſes 
through che firſt Log of Aries wow _ 
ſtar. ! torts 3 Marr ien 4 

This the moment, in ch _ of 
the 360 degrees of right aſcenſion i in the ce- 
leſtial ſphere, | is perpendicular to every like 

cee of terreſtrial longitude; at whyeh 
N time 
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time there, is a perfect paralleliſm and per- 
pendicular oorreſpondenes of all the cirtles, 

points, and lines, in both ſpheres. 
Jo chis we have peidia particular regard, 
in che oonſtructivn of our new globes, by 
numbering : the degrees an the; equator of 
figures am the ſame direction, as thoſe of 
right aſcenſion are numbered en the ce 

leſtial globe, geh ach to min no ST 

Fg fam that inſtant uf time, When the 
ſtar of Pegaſus is upon the mexidiam We 
conceive; the ſtam to he wamoyeable,. and 
that we; together with the. globe of. the 
earth, arg turned from weſt to eaſt upon the 
equatorial ax, we ſhall perceiue quitown. 

meridian 40 paſs-dhceeflively under every de- 
gres and ſtar on dhe oeleſtlal equater 
287. And that the teader may thoroughly 
underſtand what it meant by this ai formity 
in the two ſpheres, let him imagine the 
celeſtial: globe to de delineated upon glaſs, or 
any other tranſparent matter, which ſhall 
inveſt. or,/ ſurround the terreſtriak globe, 
but in ſuch a manner, that either may 
be turned about upon the poles of the 
* hilſt the — remains fixed; 
9 © and 


| Colefittl ami Ter rofirial Globes. 215 
and ſuppoſe the firſt point of "Aries; on 95 


inveſting. globe, tö be placed pon 

firſt point of Aries on the ks es 
(which point is in the meridian ef London) 
they will then repreſent that tuation of the 
beabens ad the” earth we have been juſt 
deſctibing; on that inſtant; when the "firſt 
point” of Ares is upon the mittidiin ;"ahd 
then eyery ſtaf of the beleMiaP will lie upon 


evety particular place of the tetreſtrial globe; 


to which it ic a cotreſpondent ;-each ſtar Will 


then Have che degtee of its fight afceuſſofl 
directly apofl the cotreſponding degtec of 
totteſtrial longitude; their dechmition' Will 
alſd be the fam Mh the luntade of thoks 


places upon Which they lie 
Now if the reader conceives the ae 
inveſting globe to de fixed, and the” ter- 
reltrral globe” ty be gradually turned form 
welt to eaſt, he Will readily uridetitand, 
the meridian 'of London pales” from 2 


degree to another und& th eiliyeſting ſpher 


that every ſtat thereon comes . a 9285 


ſpondent to another plate upoff hte "earth ; 


and ſo on, until the carth has cofnpletet? e one . 


diurnal revoltifion, of tilt all the ſtars, b by 
their apparent daily motion, have paſſed over 


P 4 every 
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1 meridian of the terreſtrial globe. 


Hence , ariſes, an aging, Variety in the. 


harmony of both. ſpberes 41. 
f che ſun and a enn 
on 29% particular day, the nent day the 
ſtar will precede che ſun about 4 minutes 
in two days the acceleration of the ſtag with, 
reſpect ta the ſun! will be about 8 minutes, 
in 4 dans 6 er, 32 mi⸗ 
nutes, and in, fiſteen gays the apparent 
motion of the ſtar Will be agcelerated one 


hour, whilſt t the ſun, with, reſpe& toy the ſtar, 
will fern to be retarded one hour; in on- 


month the flax will be two, hours before the 
ſun, in three months ſiæ hours, in ſix months 


twelve hours, and in one year querying 


hours. Nl 29 113; ? ch i WO” 
eee the fg and far har 
: — 1 the meridian together, they will meet 
nearly. at the ſame time; hut the 
ſtar, inſtead of ſeeming to make 365 revo- 
utions, will have made 366, one more n 
| the earth to the fun in a year, 9 
The "right aſcenſion of the firſt point of 
. Aries, is the complement of the ſun's right 
aſcenſion to 360 degrees of the equator, or 
* the 24 hours, of a natural day ; this is the 


4 


point 


1 


N 
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point, from which the-right aſcenſion of 0 
ſun, ſtars, and planets is always reckoned. 


The Reader will pleaſe to obſerve; that 


EA. in Ping and ſummer, the firſt degree of 


right aſcenſion, which is the firſt point of, 
Aries, comes to the meridian with us before 


noon; there are no ſtars then viſible in the 
night, but thoſe which follow the firſt point 


of Libra; that is to ſay, thoſe ſtars which 
have more than 1 80 degrees of right aſcen- 
on: in autumn nd winter thoſe [ſtars are 
viſible in the night, Which follow the fitſt 
point of Aries, having leſs than 180 Bo degrees 
of right aſcenſioun. 


Obſerve alſo, that the interval between 
che paſlage of the firſt point of Aries over 
the meridian of any place, and that, of the 

ſt point of Libra over the ſame meridian, 
is not 12 complete hours, but only 11 
hours 58 minutes, to which attention muſt 
be paid, leſt theſe two minutes ſhould be 


miſtaken. 


By che paſſage of che 7 2 over the 


een, we are taught the knowledge of 


thoſe degrees of the equator, which are then 
riſing and ſetting ; ; for that degree which is 
| ſetting 


Deen pon and Uſe of the q 
ſetting precedes MCs meridian 90 de- 
grees, or fix hours; and 180 degrees, or 
twelve hours at which is, riſing; and that 
degree of the equator, which is on the me- 
ridian under the elevated pole, is 180 de- 
grees dliſtant from that point of it N 
_ een n bet on 


Iris wm Find | ef 


C itt 


ith PROBLEM! XLVIL FECL 


(13117 sem 511 


To find the . right aſcen- 
ſion of the firſt Point of Aries 
upon any meridian. eee eee 


0 29 1 a 
1 1 1 = A 


288. We hive Alteady ſhewn by ati eaf 
calculus, how to find the times of — 1 
to any metidian, but we have not yet ſhewn 
their application to the Tight e Go the 
| OR POR TORE: 1 wth, L 


The diurnal 3 * rioht akenfion 
at the time of a vernal equinox, is 3 min. 
38 ſec. which we have formed into, a table, 
entitled, The horary difference in the mo- 
« tion of the firſt point of Aries at the 
time of a vernal equinox ; to which is 
2 * A table of the difference of the 

« paſſage 


C) 


5 8 of "m firſt _ Aries ober _ 
** meridian jor uy day in the year.” 


The uſe of the tables of ri ght aſeen- 
fon. 7 


289. Having Wund the time ofa any wer 
nal equinox, and transferred it from the 
fixed 'to' your on meridian * addition 

of your meridian diſtante, | 
Take out of the table of henry diffe- 
rences, the motion anſwering to the hours 
and minutes of- che time of the vernal equi- 
nox, and their fad will be the time of the 
paſſage of the firſt point of Aries over that 
metidian the day on which, but ne. 
equinoctial interſection happens. 

N. B. 3 
this table, reject the thirds, if they are under 
thirty; if they exceed thicty, add one to the 
minutes found in the table. a 


A. D. 1769, the vernal equinox falls on 
March oh, 19 h. 37 min. : 


r 
hours 19 2 53 W 
minutes 7 0 1 Pts <8! 


— 


Right de de YO, up- . 
on the equinoctial day * 59 paſt noon. 
„ 
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A. D. 1770, the ſun will: enter Wan 


March 20, 1 h. 26 min. 
min, ſec. 


Ty 


-£195) hours x) witedo 0 il 


"minutes 26 © 4 


64ikl 3 


Ri ht aſcenſion of Y © on 

"te equinoctial day, at Pola pe oy” 
11+. 1, bytes ** ide tr 
A. D. . vernal eee ag 9k 

ct =o, 


= 57.929 id rr. - Here 
i aſcenſion of * © Ph 1 
16: 45445 2 
e e luinoctial 0 A 
4 175 yy 4 och 10 97 . 1 
n. D. 1%, ane Fu will W Wp17h 
March "Al as pag POLIO Long £09 
demon 2154 cmuw ire ach 00 min gr., 1 
I FOLD ITE V5 .. hours S483 1 15 58 f Tis 
d, . 4 8 1 4 
415 932 20 2 0 rr aL 
137 d 54 wi 596 # 


The right aſcenfion' of the firſt point of 
Aries, ink found'for the day on which the 
equinox happens, "holds good; for the whole 
year; and is to be added to the difference 
of che paſſage” of the firſt point of Aries 


over the 2 found againſt the day of 
the 


A. 


: 


/ 


A 


: 


x * 
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the month ; - and their ſum will be the time 
of day when the firſt point of Aries will 
paſs the meridian. 

Obſerve, hett che equine Hills bil the 
19. day of March in a year which is not 
biſſextile, to ſegk- the day of the month in 


che right hand column of the table; and 


when it falls upon the aoth day of March, 


ſeek the day of the month in the left hand 
column, againſt which in either cafe, and 


under the name of the month, you have 
the proper difference of right aſcenſion to 
be added to that found above for the day 
of the equinx. 1 UE 
In biſſextile years, ſeek the day of the 
month in the left hand column; to the end 
of February, and for the intercalary day, or 
29th of February, take out the difference 
of right aſcenſion anſwering to the firſt of 
March, after which to the year's end ſeek 


the day of the month in the right hand 


column. 
Having thus found the right aſcenſion of 


the . firſt point of Aries for any day in the 
year, add thereto 11 h., 58 min. and you 


obtain the time of the right aſcenſion of the 


* firſt point of Libra, 


1447474 4 ExXAMPLE 


222 denen. 


- , 
g ors a 4 = „ 


ans Kon ty ' 


$159 


Nen 2 . March 20. 


= 
FE: 


-4 


k ; | | h. min. ſec; : 
INI ln a6, 1 23 24 
e 1 n 


3 Right aſcenſion * ©, 3 26 23 * 


"EXAMPLE 11. 


* 


4. 1770, W N Murren 20: 


| a 
Feb. 26. 1 24 52 
ng 042 
MAY — —— 
- Right aſcenſion * 0, Far . 
Oct. 18, 10 26 36 
ftr in . "+ 0/83. 
* Right aſcenſion 1 O, 70 26 49 © 
7 HIER &8. tf LO QST EN: *65 
L4 es 171 il 27 ain e 
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\ n Glibes. 223 
9101 | EXJAM SGI E III. 2 
"A. D. 17715 equmox March 20. * 


h. min. ſec. 


een Mes, 4 22 46. 
Fat „ Fd Io. de 


e FL 13 ©, 4 23 52 3 
an da. December 16, 6. 22. 58... 
| 1 + 1 5 


Wehe aſvenſon AL e 


7 
» ot 


ExAMPLE IV. iy 
A.D. 1772, equinox March 19. 


Biſſextile —f h. min. ſec. 
* „ 1” 12: s 
A ＋ oP 59 | 


r 


Riede aſcenſion * ©, 1 15 34 


ht 


'T he intercalary day, Feb. 29, 1 9 50 
| L $9. 
Right aſcenſion Y ©, 1 11 49 


March 1, 


Right aſcenſion © ©, 1 $ 6 
Auguſt 28, 13 28 17 
| A* 5 
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Theſe four examples; are quite ſufficient; 
if the Reader compares, them with the tables 
and precepts, 

In the 42d and 43d problem, art. 260; 
26t. we have ſhewn how to find the hour 
that any known ſtar comes to the meridian ; 
and alſo to find the time of the year any ſtar 
paſles the meridian at. any hour propoſed : 
but in that place we were not prepared to 
apply the right aſcenſion of the firſt point of 
Aries, ſo properly for an obſervation, of the 
ſtars, as by the following: 25 F 


-, P 


PROBLEM AVI 


To find the time of the Tight aſcen- 
fion of 'any ſtar, upon any par- 
ticular meridian, on any day in 
the year. 1 2. 
290. Firſt find the t time of the right 


aſcenſion of the firſt | point of Aries, art. 288. 
by problem 47; agreeable to pay own me- 


Tidlan. 


Then apply to tle-celeſtial globe, and 
bring the given ſtar under the graduated 


fide of the ſtrong braſs meridian, whieh will 
Fes cut 
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cut its right aſcenſion, or rather its diſtance 
in time or, degrees, upon the equinoctial; 
add this quantity expreſſed in time to the 
right aſcenſion" of the firſt point of Aries, 
and you will obtain the time of the paſſage 
of that ſtar over the meridian very near the 
truth. "Thus, 

"The ſtar MES. y in the head of 8 
will have 268 degrees, or 17 h. 52 min. 

of right aſcenſion or diſtance from the firſt 
point of Aries, art. 276; which added to the 
right aſcenſion of that point for the 1 3th 
day of July, A. D. 1772, gives the true time 
fi its right aſcenſion that evening: at 10 h. 
12 min, this ſtar will be over the heads of 
the inhabitants of London at that time, its 
declination being 51 deg. 32 min. bags, to 
the latitude of this capital city. 

Note, In this method of working. when 
the hours exceed 24, deduct 24 hours 
therefrom, and. you obtain the true time 
* Ih 


Q_ PROBLEM 


- wa th 


— 


_ 
nt „ a 3 mo Gar — —— — 
r ws — a — 


tat day. 
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2 * 


20 PROBLEM XLIX. 


7 0 real the celeſtial FRY for any 
time in the evening of any day 
in the year, by the knowledge 
of the time when the firſt point 

of Aries ſhall paſs the meridia 


51 291. As the degrees and hours upon the 
equinoctial lune on our new globes, are 
numbered from the firſt point of Aries, 

Firſt find the right aſcenſion of that point 
by problem 47, art. 288. for the giyen day, 
and rectify the globe to your latitude, art. 189, 


then bring the firſt point of Aries upon the 


globe, under the graduated fide of the ſtrong 
braſs meridian, and ſet. the horary index; to 


the hour and minute of the paſlage of Aties 


©, firſt found; turn the globe until the given 
hour is under the horary index, and place it 
due north and ſouth by the mariner's com- 
paſs, attending to the variation of the needle, 


and you will have a perfect repreſentation 


of the ſtarry firmament, not only for that 
inſtant, but as * as you pleaſe to apply 
| | yourſelf 
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yourfetf' to. the knowledge of the ſtars that 

evening, by only moving the globe to. any 
other minute under the horary index a8 the 
time advances. 


Thus on the 2 5th of February, A. b. 
1770, about 46 minutes aſter V. in the 
evening, the ſtar called Al- debaran, or the 
Bull's-eye, will be upon the meridian of 
London, or places adjacent; about VI o'clock 
that evening, Orion will begin to paſs the 
meridian, and preſent a glorious view to the 
eyes of the obſerver, there being ſo many 
eminent ſtars in that conſtellation, then ſuc- 

ceſſively paſſing over the meridian until 4 
paſt VII; all the ſtars in Auriga, or the 
(enger will be paſſing the meridian at 
the ſame time; after which Canis Major will 
ſucceed with Syrius, the:Dog-ſtar, at the fide 
of his jaw; then Canis Minor and Gemini 
or the Twins will follow, and fo on for the 
remainder of the night. This appearance 
may be obſerved ſeveral months. but at dif- 
ferent hours in the night, which may be 
found by this problem. 


Alſo on the 8th of May in the ſame year, 
the firſt point of Aries will paſs our meridian 
at 20 h. 58 min. 29 ſec. but if we reckon 


WS the 
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wo 


the hours from gnidnight, at 58 minutes 
| VIII in the morning, at which time no 
ſtats can be ſeen ; therefore we muſt have 
recourſe” to the right aſcenſion of the firſt 
point of Libra, which i is thus obtained, 3 


| e h. min. ſec. N 
the t on ©: wth 

_ oats, pv ce $90.758. 29 ? 
yt add 11.538 o 


, - "a : 
— £# 4 5 » ©, xy - \ [ - W 
9 — 1 


32 56 29 
When dhe hours exceed 24, . 24 1 


ſubltract therefrom ; 05; 


The right aſcenſion of the firſt ; 4 
THE vi b 99 4 ry A. D. eee 8 Tex: 29 in the 
3 12 8th 80 | | Om 


Now in the precept to this "YER read 
Libra inſtead of the word Aries, and the 


rule will hold good in this as well as in the 
firſt caſe, Therefore, | i 


Bring the firſt point of Libra to the gra- 
duated ſide of the ſtrong braſs meridian, and 
ſet the horary index to 56 minutes paſt VIII 
in the evening, turn the globe until the ho- 
rary index points to 10 minutes paſt X 
o'clock, and you will find the ſtar called 
Spica Virginis, being that in the ear of corn 
ſhe holds in her hand, a ſtar of the firſt 
* marked a, upon the metidian at 

e 


— 
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chat time. If you then lock at the firma- 
ment, you will ſee the conſtellations Cancer, 
Leo minor, Leo major, the great Bear, with 
the head and wings of Virgo, on the weſtern 
fide of the meridian ; and on the eaſtern fide 
thereof, the Ballance, Scorpio, Bootes, Her- 
cules, &c. ſucceſſively following the firſt 
point of Libra in their paſſage over the 
mein. | 


The correſ n of che ne 


; 43; R ſtars. | 


292. Before we attempt an obſervation of 
this kind, a. ſignal or warning ſtar muſt be 
- firſt obtained; that is, ſuch. a ſtar is-to be 
ſought, as ſhall have the fame or nearly the 
fame quantity, either in degrees or time of 
right aſcenſion, reckoned from the firſt point 
of Aries, as the place, over which any other 
ſtar ſhall then happen to be a correſpondent, 
ſhall have of longitude; reckoned caltward 
of London. 

It has been ſhewn, that declination. in the 
celeſtial, and latitude on the terreſtrial, globe, 
mean one and the fame thing, both being 
meaſured by their diſtance from the equator; 


23 con- 
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conſequently, if the declinatian of any ſtar 
is equal to the latitude of any place, that 
ſtar, by a line conceived to be drawn from 
It to the center of the carth, will deſcribe the 
Parallel of that place ; whence it becomes 
a correſpondent, not only to that particular 
lace, but alſo to all thoſe places which lie 
fn the ſame parallel of latitude, by paſſing 
perpendicularly over. them all once every 24 
houts. But as a preparation, we muſt firſt 
ſhew, by the following problems, how to 
find thoſe places to which any ſtar is a cor- 
reſpondent, and thoſe ſtars which are cor- 


reſpondents to any place. 
PROBLEM: L. 


To find all thoſe places to which any 
ſtar is a correſpondent. 


293. Firſt find the declination of the ſtar, 
on the celeſtial globe by problem V. art. 5 5. 
and remember whether it be north. or ſouth; 
count the ſame number of degrees upon the 
ſtrong braſs meridian of the terreſtrial globe 
the ſame way from the equator, and note 
the place by holding the edge of a card 
thereto ; ; turn the globe from eaſt to weſt, 


and 
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and all thoſe places which paſs under that 


point, will be correſpondents | to that ſtar, 


becauſe they will be in the line paſſing from 
the center of the earth through the very 


place upon its ſurface, to which the ſtar is 
at that time vertical. Thus, 

The declination of the ſtar marked , in 
the head of Draco, is 5 1 deg. 32 min. equal 
to the latitude of London; therefore this 
brilliant ſtar of the ſecond magnitude may 
be called the ſtar of this metropolis, without 
being deprived of its own name; it may 
likewiſe take the name of any other place 
in the parallel of London. 

The reverſe of this chien being to 


find all the ſtars which are correſpondents 


to any place, is ſo eaſy as to require no far- 
ther explication, than that of hing firſt 
to the terreſtrial globe. | 

The apparent diurnal motion of one far 
only, will ſucceſſively ſhew its perpendicu- 
larity to various countries, as will appear by 


Q4 A general 
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A general deſcription of the paſſage 
of the ſtar marked Y.in the head 
of the conſtellation Draco, over 
che * of London. | 


294. This eminent ſtar traces the parallel 
of London, and is a ſtar of perpetual appa- 
rition to the inhabitants of the Britannic 
Iſles; it comes upon the meridian of London 
with the 268th degree of right aſcenſion, 
and is at that time directly perpendicular to, 
or over the heads of, the people in this city, 
two minutes of an hour after its warning 
ſtar marked k in che n Ways: has Uwe 
the MET idian. dy 

Note, This {tar ind Kk is the bee 
oſt of a group of five ſtars, ſituated be- 
tween the ſhoulder of Serpentarius and So- 
bieſki's ſhield, which in the firmament ap- 
. pear in the form of a Roman V, as may be 

ſeen upon the globe. 

The declination of our "correſpondent ſtar 
y in the head of Draco, is 51 deg. 32 min. 
equal to the latitude of London; with which 
apply to the terreſtrial globe, and bring 
London to the graduated fide of the ſtrong 

| | braſs” 
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braſs meridian, and ſet the edge of a card 
thereto, holding it to the braſs meridian 
with your right hand, while you gradually 
turn the globe from weſt to eaſt with the 
other hand, and that point of the card which 
is upon the globe will then repreſent the 
interſection of that line upon the ſurface of 
the earth, which we have ſuppoſed to pals 
from the center of the earth to the ſtar; 
and as this point, though at reſt, paſſes over 
the parallel of London upon the globe, ſo 
does the central ray, proceeding from the 
ſtar, really paſs over every point of land, and 
ſea, upon that part of the earth which Is 
circumſcribed by the parallel of London. 


Thus you will ſee the ſtar marked y, in 
the head of Draco, paſs from London over 
the road to Briſtol, and dart its perpendi- 


cular rays upon that city ; then croffing the 
ſea, it reaches Ireland between Kinſale and 


Cork, and leaving that kingdom, will ſhine 
over the Atlantic Ocean, until it is perpen- 
dicular to the north cape of Newfoundland; 

whence it will be yertical to Eſkimos, and 
paſs between lake Achona and the northern 
coaſt of the gulph of St. Lawrence, then 
it will croſs St. James's Bay, Kriſtino, &c. 
D. n | and 
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and paſs weſtward over a vaſt ſpace of land 
but little known to the Europeans; thence 
it will leave the weſtern coaſt of North Ame- 
rica, to ſhine upon the northern part of the 
Pacific Ocean, until it is perpendicular to 
ſeveral iſlands, one of which is called St. 
Abraham; it croſſes the ſouthern land of 
Kamkatſka, and the. iſland Sangalien; 
thence it becomes perpendicular to the con- 
tinent near Telmen on the eaſt ſide f 
Mongales in Chineſe Tartary, and ſo pro- 
ceeds to caſt its perpendicular rays over a 
vaſt country in Aſia, being ſometimes a 
zenith point to the Chineſe, at other times 
to the Ruſſian Tartars, and paſſing over 
Bielgorod, becomes vertical to Muſcovy, Po- 
land, Germany, and Zeland, and ſo croſſes 
the ſea again to return to its perpendicu- 
larity over the city of London: all which is 
performed by the earth's diurnal motion in 


ſo ſhort a time as twenty-three hours and 
fifty-ſix minutes. 


When a beginner has vo thus exerciſed 
with the general paſſage of two or three 
principal ſtars over their correſpondent pa- 
rallels on different parts of the earth, his 

ideas will be ſo greatly improved, that maps 
| and 
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and charts may then be laid before him with 
ropriety, in order to confirm him in the 
snowledge of the particular parts of thoſe 
very parallels, of which he has already at- 
tained a general idea upon the globe. 


PROBLEM LI, 


To find a-fignal, or warning ſtar, 
that thall be upon or near the 
meridian of an obſerver, at the 
time any known ſtar is perpen- 
dicular to any place on its cor- 
reſponding parallel. 


295. Bring the given place to the gra- 
duated fide of the ſtrong braſs meridian on 
the terreſtrial globe, and ĩt will cut the de- 
grees of its longitude, reckoned eaſtward 
from London, upon the upper row of figures | 
over the equator; then 
Apply to the celeſtial globe, and ſet the 
given ſtar under the graduated fide of the 
ſtrong braſs meridian, which will cut the de- 
gree of its right aſcenſion on the equinoctial. 

If the ſituation of the obſerver is weſt 
of the given place, ſubtract the terreſtrial 
longitude 
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longitude from the right aſcenſion of the 


ſtar ; if caſt, add the longitude, and move 
the- celeſtial globe, till the ſum or reſidue 
thereof is under the graduated fide of the 
ſtrong -braſs meridian, and then that fide 
will be directly over thoſe, ſtars which are 
upon, or have juſt paſſed, or are not quite 
come up, to the obſerver's meridian, at the 
moment the given ſtar is vertical to the place 
propoſed ; either of which will correctly 
anſwer the preſent purpoſe, and become the 
ſignal or warning ſtar; that upon its arrival 
on the meridian, will declare the given ſtar 
to be vertical to the place aſſigned. 
Thus let the obſerver be in or near Lon- 
don, and the bright ſtar in Lyra, or the harp 
of the firſt magnitude be given, it is com- 
monly called Vega, but it ſhould be Waki, 
in the Arabic Neſr Waki, ſignifies the ſtoop- 
ing or falling Vultur, and marked a : this 
ſtar is correſpondent to the ſouth weſt cape of 
the iſland of Sardinia in the Mediterranean. 
The longitude of this cape from London 
1 9 degrees, and the right aſcenſion of the 
ſtar Waki is 277 degrees, as London is 
weſt of Sardinia; ꝙ degrees ſubtracted from 
| 977 _— leaves 268 degrees of right 


aſcenſion, 
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aſcenſion; to which the celeſtial globe being 
ſet, the graduated fide of the ſtrong braſs 
' meridian will be found directly over the ſtar 
y in Draco, and alſo over a ſtar of the fourth 
magnitude in one of the heads of Cerberus. 
Theſe are eminent ſignals, and both upon the 
meridian, when at the ſame. time the ſtar 
marked 9, in the knee of Hercules, will have 
paſſed the meridian about two minutes of an 
hour, and the ftar marked P, of the fourth 
magnitude in the milky way, will want about 
two minutes of an hour of coming to it. 


Hence when the ſtar marked , in the 
head of Draco, ſends forth its perpendicular 
rays upon the city of London, the ſtar Waki 
in Lyra will alſo be perpendicular to the 
8. W. cape of the iſland of Sardinia. At which 
time an obſerver at London will be ſenſible 
of the diſtance between the zenith of the two 
places, and may note the bearing of Sardinia: 
from London upon his ſenſible horizon, to 
which he may refer at any time in the day. 
An obſerver at Sardinia may note the ſame 
with reſpect to the diſtance and bearing of 
London from him. 

To excite ſtudents who have an aſpiring 
emulation to improve themſelves in this ex- 

ö AT, tenſive 
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tenſive ſcience of geography and aſtronomy, 
the principal requiſites whereby they may 
acquire univerſal knowledge, we ſhall pro- 
ceed/ to illuſtrate this ſyſtem of the natural 
agreement between the celeſtial and ter- 
reſtrial * by a few N ex- 
ExaMPLE I. Me” 'S 


5 When ihr flar marked , in ae 


head of Draco, is perpendicular 
to the city of London, the twelve 
following ſtars may be ſeen from 
thence at the ſame time, when 
they will alſo be perpendicular to 
0 many places upon the earth. 


296. The ſignal or warning ſtar is y in 
the head of Draco, which comes upon the 
meridian with the 268th degree of right 
aſcenſion; it will be vertical to the city of 
London two minutes of time, after the ſtar 
marked k, in the milky way near the equi- 
nox, has paſſed the meridian, at which time 
the twelve following ſtars will be vertical to 
the places they ſtand againſt. 


wn 


Celeſtial and Terreſtrial _ 2 239 


Weſt us London. 


267 (Knee of Hercules |9 37 Carthagena, Old | 82 7 
| Spain 2 | 
2671 Wriſt of Hercules |; hs Frontiers of Mo- . 
pot | roceo and Tar-'p| oz | 
gua | 
261 VEE a 121 Kingdom Kom- 

4 pentarius r 9 
198 Spica Virginis wy Peru, South America 70. 
| 5 On Aired, g 5 16 Chapa in Mexico 3 

Lyon's tail 9 

(+91 [Alioth, rt in tail Tf, 57 1 * 

1 _ Great Bear { ſon's Bay 77 
Eaſt of London. 

Nr Decl. Fat 
Aſc. and Lon. 
9 Lat. $7175 
277 Vega, in Lyra 4 384 S, W. Cape, Ile : | 
| of Sardinia 9 
295 Atair, Eagle's neckſa 8 Frontiers of Be- | 
| | nin and Nigritia, 17 
: 4 Al Africa J | 
290 Swan's beak, Al- 253\Mid. Levata in 
N yo . o 74 Tagua, Africa 3 22 | 
308 1 80 0 85 (ia Ar Palmyra 8. 
343 |Sheat, in Pegaſus g 27 Middle of Mo- 3 

| gul's Empire { "+94 

309 [Swan's ſouth wing [+ '33*|Frontiers of Tar- 

ö | . key i in Aſfia, and 41 | 

3 Deſert Arabia j 21 
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The uſe of a warning ſtar is to point 
out the true time of the phœnomenon, which 
is to be firſt nearly found” by obtaining the 
time of the right aſcenſion of that ſtar for 
the evening, on which the obſervation 4s 
| intended to be made, | 52% bh 
| This/table of correſpondents was formed 
as follows: | 
The right aſcenſion and Achsen of 
the ſtars was found in round numbers upon 
the celeſtial globe, and written in two co- 
lumns, incloſing the names of the ſtars; 
the columns for the names of the corre- 
ſpondent places being left blank for theit 
inſertion afterwards : | | 
Next, as the longitude on our new w ter 
reſtrial globes is numbered both ways from 
the meridian of London, whatever the right 
aſcenſion of the fignal ftar may happen to 
be, that point of the celeſtial ſphere is like- 
wiſe conſidered to be upon the meridian of 
London. Therefore, oy 


To gain the longitude i in the laſt column 
of the table, if the given ſtars were caſt of 
the fignal, the right aſcenſion of the warn- 
ing ſtar was ſubtracted from the right aſcen- 
ſion of the given ſtar. 


But 
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But che weſt longitude was obtained by 
ſubtracting the right aſcerifion of the given 


ſtars from that of the figntl, - © 
The reverſe of this example is to find, 
what ſtars will be perpendiculat to any place 

upon the earth, a warning ſtar being known, 
that ſhall be upon the meridian of an ob- 
ſerver, when the ſtars to be ſought ſhall be 
vertical to the places aſligned, Which the 
reader will eaſily 2 from what has 
been already ſaid. = 

When a ſtar is known to be petperidi- 
cular to any aſſigned place, its correſpon- 
dence to that tetreſttial point may be equally 
affirmed; to all thoſe who can ſee it at that 
inſtant from any part of the earth, or ſea, 
they may then happen to be upon. 

If an obſerver in Palmyra, another in ths 
middle of the Mogul's empire, a third at 
Levata in Africa, and a fourth at Chapa in 
Mexico, ſhould look at the ſtar , in the 
head of Draco, the moment it is in the ze- 
nith of London, they will ſee its corre» 
ſpondence to that metropolis at one and the 
ſame inſtant of time; their hour only will 
be different according to the diffetence of the 
meridians, as thoſe places are ſituated either 
vaſt or weft from London. 


R The 


7 


— 


| „The ſignal or Warning ſtar to each of 
theſe places, is the perpendicularity of that 
ſtar expreſſed in the pen 1 77 
twelve ſtars. 

2 caring either of theſe 
ſtats in the catalogue, may be ſeen. the other 
twelve. ſtars, when they are ſhining over the 

heads of the inhabitants of all the ether: 
countries therein» named. 

This conſtitutes the ſyſtem of nid 
cal geography before ſpoken. of. It affords 
us a real aſſiſtance from the heavens, where- 
by we not only fee the marvellous diſtances 
of à multitude of celeſtial bodies; compo- 
ſing that; pant of the univerſe, which we are 
permitted! to behold:; but it alſo! enables us 

to comprehend the diſtances and bearings of 
the molt remote countries from that. print 
K NON ITO Sand. 1 
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297. When che bright ſtar marked g, in 
che head of Caſtor; is upon the meridian of 
Zondon with the 1 roth degree of right aſ- 

eenſion, the twelve following correſpondents 

will be vertieal to the places annexed. 
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is 5 


imos between 


Fa . 6 


America 
Cape Riſher, G. 
10 "t. Lawrence e 63 þ 
76 Rigel, Orion 's foot 
Lig — — 4.24) 


{ 47 |Algenib, Perſeus's 
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0 
ol A. bibago and 
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132 Great Ber s foot $Middle of Hage : 


139 Hydra's heart Kingdom dey, 
e 


2 


749 25 * {| Abyfiaia, Africa 
hird in the 8 ſtiakis, 8. W. 
Grea beer = 1831" Sen 6 
ng of Virgo, Sea 2 E. of Pon- 
n Vi =» ddr, 22 * 7 82 


Theſe ſtars are viſible in the months of 
January, February, and March. 
ind R 2 EXAMPLE 


- 
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EXA III. 


ä —ů — — 


15 296. When che bright ſtar marked a "in 
| the ear of corn, which the Virgin holds in 
er hand, called Spica Virginis, is upon the 
idian of Lenden with 198 degrees of 
right aſcenſion the following twelve ſtars 
will be vertical to the ſeveral places in the 


n at | 
ng n 
| 29s. 

| 5 7 85 | Weben. 6 

1 2 2 5 


. * p et f T; * a2 , 

90. Firſt tar inthe foot Illes of Tres Ma- 

1 | .of Caſtor... At New . 109 
113 Head of Pollux {Sea near C. Eſ- 


condid, Florida 


| 139]fHydra's bert Yamari, a branch. 


| Py wag pos N * 
5 rail, Alaſad 816 7 * Bonaviſta, 7| 
| "191 £2 in tail Great 


— — Scotland 
9 — N — — — — = 7 
gs a 1 
8 4 4 7 
. nien | "4 1 | p 
N > 
1 13 þ : 


e Hand of Bos 0 14 — . in 
1 ru | 


Hereules 
27 Vega, in Lyra, 
298 Albiero,theSwan's 
| beak ” 


25 ) Atais, in the Eagle N 


10 60 the Back wk 


Coaſt of Ma- 
lacca 


„ — —% 
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This phanomenon may be ſeen in the 


1 of A _ 1 12 * 


1 : 
: 


| 299. "Wie he e RR of clght 


aſcenſion is upon the meridian of London, 
fignified-by one minute of an hour after the 


ſtar marked 4 in the ſouthern wing of the 


Eagle has paſſed the meridian, then the 


twelve following places will the an- 
nexed in es e 


enen 


- 
aL * 
f 


R 3 Weltward, 


: * 


246: Denn and Vie of the 


| Sea-.20 8. 
cles ir der 


eee 63 
Apr 
Paraguay; Americaf 53 
N.W, pen of Brazil 35 

N. of St. Michael 
| in the Azores 18 | 


Corrente, Cu 


Wardus,Laponia 32 
Between Sio and 
Ampaia, Zan- 391 


Ruſſia, 40 E, of 
Moſcow 


© gue , 


Coaſt na a 
ſian —_—_ [51 


27] Tala, Mogu 0s! Fat | 


" - 35 * 


* 
+4 


— 
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CL Sad n R ren 


Theſe ſtars may be obſerved in 5 months 


—_— 


of July, Auguſt, and September. 
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ExAMPLE 
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Ex APT v. 

1 30d. When the ſtar marked 0 in \ the fide 
of the Whale is upon the meridian of Lon- 
don, with 18 degrees of right aſcenſion, the 

following ftars' wil be in the en 
15 annexed places. 


i 
N 


2900 The Swan's beak | þ 48 


294 Firſt in the Swan's 
wing 
| 308|Deneb, in the 


3 Lake Michigan, “ 

Swan's rump E 
8 
0 
: 


9 154] Canada 
{New Enghand 


70 Cumberland near . 


t 


6 
e 4 brador 1 17 
M 


3240Side of Cepheus 


> 
7 


33 (nee of Cepheus ö 


3410 Fomahaut, mouth }_ 
of Piſces Notius 


iddle of the At- 
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nahe L 
797 ! 


; 94 | 
The Nars in this exuinple” may be ſeen 
in the mouths of October,” November, * 


bs 0 # PR OBLEM un. 


The phernomena. of. the, baren 
| wy get * 1 a | 1 0 


ol. When, the moon 1. 7 or n 

full, about the time of an, autumnal equinox, * 
ſhe riſes nearly at the ſame hour for ſeveral 
ni ights together: I de een is . 
the harveſt-moon. * 

To account, for this upon the celeſiial 
globe, ſet che amian ſun the firſt 


point 


1 


om —.— 


ET 7 1 
5, : 0 1 
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point of Libra, where the ſun muſt neceſ- 
ſarily be at every autumnal equinox, and 
place the artificial moon upon the firſt point 


of Aries, where dannn if a full moon 
ſhould happen at that time: 
Rectify the globe to e of a wit 
ſphere, art. 214. which anſwers to the inha- 
bitants of the equator; bring the center of 
the artificial ſun to the weſtern edge of the 
broad paper circle, and the hbrary' index in 
this caſe being the graduated edge of che 
ſtrong braſs! meridian, will cut the time of 
the ſun's ſetting, and the "moon's riſing; 
hence it is obvious the moon will riſe when 
the ſun ſets, which will be at VI o'clock, be- 
cauſe they, are both ſuppoſed to be in the 
celeſtial equator,” but in oppoſite ſigns. 
Therefore on that day the ſame phenotrie- 
non will happen in all latitudes ae 
the equatot and either pole. 
But as the moon's motion in enz | 
which we ſtull at preſent conſider as coin 
cident with the ediptic, is about 13 deg. 
10 min. every day, which retards her diur- 
nal motion about 51 min. 56 ſec. of time 
with reſpect to the firſt point of Aries, this 
and difference as it relates to the ſun is 
5 generally 


ago D me aon Uſe. of the 
generally reckoned at 48 —— time, 
ar to minutes for every hour. 
] Ln Lhd WIS: * 
tima the moon will riſe the next night aſter 
the autumnal equinox, at which time the 
ſu will have advanced one degrer in Libra, 
and the moon 13 deg. 10. min. in Aries, 
Which is 12 degrees more than the ſun has 
center of the artificial ſun upon the firſt de- 
gree of Libra and the artificial | moon on. | 
13 deg. 10 min. of Aries, the globe being 
rectified as before to the poſition of a right 
ſphere, bring the artificial ſun under the 
graduated ſide of the ſtrong braſs meridian, 
and ſet the horary index to XII, turn the 
globe until the artificial ſun coincides with 
the weſtern fide of the broad paper circle, 
evening at VI o clock, and the globe being 
turned till the artificial moon coincides, yith 
the caſterg ſide of the broad paper: cirele, 
the horary index will ſhew the moon riſing 
that evening to be about 48 minutes paſt 
VI o'clock, with 5 degrees of amplitude 
northerly, as ſhe is now entered into the 
northern half af the ecliptic. ie Y W 
ver ow 
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Now elevate the north pole of the globe 
to the latitude of London, every other rec- 
tification-remaining the fame, and bring the 
artificial moon to the eaſt fide of the ho- 
ron, and the horary index will point to 
20 minutes paſt VI, her time of riſing; and 
her amplitude at that time will be about 8 
degrees, three degtæes more than at the 
equator the ſame evening. 19 ot ## 4 
Ii we chus inveſtigate" the time of the 
moors -riſing' for t&õ or three nights to- 
gether before and after the autumnal full 
moon, it WilP be found hearly the ſame. 
The read is, that the full moons which 
happen at this time of the year, are aſcend- 
ing from the ſoutherft its the northern 
ſigns of the zodiac: hence the moon de- 
ſcribes a parallel to the equator every night 
more northerly, which increaſes her rifing 
amplitudes cpnſiderably, and more fo as the 
latitude is greater, ad in the preſent ex- 
ample ; hence it is plain, that the nearer any 
celeſtial objects is to either pole, the ſooner 
«aſcends the horizon 
Every thing remaining as before, if we 
elevate the north pole of the globe to 664 
degrees, which is the latitude of the northern 
| | polar 
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polar circle, and bring-the artificial moon to 
the caſt ſide of the horizon, ſhe will be 
found to riſe about the ſame time that the 
ſun ſets the evening aſter the autumnal full 
moon, which is about VI o'clock, at which 
time and place daran. bocabout 
13 degrees. „.ch 3a 6 Wt M4; 20s! 
In this tg the globe, if che arbft- 
cial moon be remoygd 1g deg. 10 min. upon 
the, ecligtic, Which is her mean motion 
therein for one day, and ſa n for fourteen. 
nights together, ſhe Will be ſeen to cle 
within the ſpace of one hour during that 
time, which will be clear on obſerving that 
half the ecliptic. riſes at once. 4, e 
It is remarkable that when the moon va- 
ries leaſt in the time of her riſing, che di- 
urnal differences 4h ea; * the times 
of her ſetting. | 
What has — 40 with . — north 
latitudes, ,; is equally applicablo-t0 Goth lat 
tudes.” 436 314+; 41 
1n like, manner Ce airing 
riſe nearly at the ſame hour for ſeveral 
nights ſuceeſlively, While the full moons 
of later by a. greater difference. than at any 
Un Wo ume of the y Ta. * at this _ 
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Se ve the bew) hooks de in GM . 
ending. and the innen „ 5 
This Fenn varies in ale 
years: the "moon's orbit being inclined” to 
the ecliptie about 5 degrees, and the line of 
nodes coritinually moving retrograde, the 
inclination of her orbit to the equator will 
be greater ſometimes than at others, which 
prevents her haſtening to the north ward or 
deſcending ſouthward in each — 
r y 


e 3: imo don 16/14 


PRO LE M LI. 


if 11 7 16 360 


Tos find the time :of.,the: year in . 
which a- ſtar riſes or ſets coſmi- 
cally or achroni ically. A nr 


0 302. The coſmical riſing and ſetting of a 
ſtar, is when a ſtar riſes with the ſun; or ſets 
at the time the ſun is riſing. Cs. 


Ar 


The achronical riſing or ſetting of a ſtar, 
is when a ſtar riſes of {ts at the time the 
ſun is ſetting. I 963 . Val {OTE mae: 

Elevate — vf the deleſtial globe to 
ew 1 of the place: and bling the Nat 
TEE to 
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to the, caftern edge of che broad paper-circle, 
and obſerve. what degree of, the ecliptic; riſes = 
with it, which ſeek in the kalendar an the 
broad paper circle, againſt which is the day of 
the month whereon;that ſtar riſes coſmically. 

Turn the globe till the tac coincides with 
the weſtern edge of the horizon, and that 
degree of the ecliptic which is cut by the 
eaſtern ſide, gives the day of the month | 
when. the ſtar ſets. caſmically ; ſo likewiſe 
againſt the degree which. ſets with the ſtar 
you have the day of the month of its achro- 
nical ſetting, and if you bring it to the 
eaſlern fide of the horizon, that degree of 
the ecliptic then cut by the weſtern ſide of 
| the broad paper cireie fought in the ka- 
lendar; will ſhew- the day af a 
when the ſtar nies. achronicully., -. 


PROBLEM, Hee... 


Te find che time of the heliacal 
|  rifing and ſetting'« of a far, _ 


30 Wen 3 Na. 7⁰ Gift vilible"in the 
morning, after having been ſ&ffieay the ſun 
as to he bid by the ſplendor: of its raps, it is 
* — won 9177 to n | 


When 
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When a ſtar is immerſed in the evening, 
o bid by th ani 9s it Ol e 


hacally. . 
-Efevate- the bels of ths celeſtial nude 1 

che latitude of the place, bring the ſtar to 
the eaſtern ſide of the broad paper circle, 
fix the quadrunt of altitude to the zenith, 
and apply its graduated edge to the weſtern 
fide in ſuch a/ manner than its 12th degree 

above the horizon may cut the*Ecliptie, the 


point oppoſite to this will be T degrees 


below the broad paper circle on the eaſtern 
ſide, and is the ſun's place in the ecliptic 
at the time à ſtar of the firſt magnitude 
riſes heliacally'; ſeek this: point in the ka- 
lendar, or upon the ecliptic line on the 
globe, againſt which you will find the day 
of the year when tliat-ſtar riſes heliacally. 
To find the heliacal ſetting; bring the ſtar 
to the weſtern ſide of the horizon, and tur 
the quadrant of altitude o the eaſtern fide; 
till the r2th degree cuts the ecliptic; its op- 
Poſite point is the ſun's place, which ſoughr 
either upon the kalendar or ecliptic line; 
gives the day of 2 year . - CLI ſets 
beliacally. ado h ne 10 ie, 20, 28 200d bas 
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256 her him aid Uje af the 
Stars of the. firſt magnitude; according to 
Ptolerny;: riſe or ſet heliacally, when they 
are 12 degrees diſtant from the ſun: that is; 
when the ſtar is riſing, the ſun, muſt be de- 
preſſed in the perpendicular below the hori- 
zon.-4 2 degrees, that the ſtar may be fat 
enough en be ſeen. be: 
fore he riſes. .. 

Stats f the ſecond e qd 
the ſun's Hepreſſion thirteen degrees, and. 
thoſe of the third enen Wr * | 


grees, & o. 


The 3 af kaner of the Aras 
bian aſtronomers; .* from Uluglt 
Beigh , publiſhicd : at Oxtord 166 3: 


Jo. — a)-Uacerof clic" Ata- 
bian aſtronomers, are XXVIII, they are fo 
called, i. e. the manſions of the moon, bo- 
caufe they obſerved the moon to be in vt. 
near one of tlieſe every night duting het 
monthly courſe round the earth: they are 
theſe that follow, to which upon the globe 
the Arabian characters are affixed, but omit- 
ted hete for the want of an * 

Al 


ble the Rex. Mr. Coltard's Hiſtory of Aftronomy, p. 19 


J. Sberatdn, theſe are the firſt and ſe- 
cond ſtars of Aries, or the ſtars in the 
Ram's horns, marked g; and , with I, C, 
ſignifying the firſt manſion of the moon; 


which the reader will * to nie 
Once for all. \ * way * of 


It, Botein, "ts N in the Kam bellz a0- 
cording to Ulugh Beigh, we id and on 
our globe and .. ok 


II. 4 Thuraiya, the Pleiades. ar ' / Ty: 
IV. 4 Debardn, the Bull s eye 


V. M1 Heba, the three tas in the head of 
Orion. 2 


VI. Al Hen ab, the de marked in th ft 
cot of Pollux. 8 


yn. AlDira, the two yr BY . Ude in 
the head of Caſtor, the othet in * 
marked « and 8. 


VIII. Al Nethrab, the anole, or group of 
ſtars in Cancer, marked « called oy the 
Greeks Palm, i. e. Præſepe. W's 


IX. Al Terpbab, &s Lean n U | 
8 X. ot} 


xX. A Cob, che ſtar in the Lyo' a 
- marked 8. | 


Xl, Al Zab rb, eu- Lyoto ru 
| marked d and 8. 


XII. I Serpbab, the _ s tail marked . 
called Deneb al aſad. 


XIII. 24} Abe, 4. id four duni Vigo 
marked n & 0 y. 


XIV. Simdk 4 4 za, the wan 8 bi. 
marked k.. V 


XV. A! Gaphr, three ſtars in the ſkirt of 
the robe of Virgo marked p. . 


XVI. Al Zubna; that is Libra, the northern 
ſcale is called Zub4nah AI Sbemali, and 
is the ſtar marked g, the ſouthern ſcale 

marked a, is called Zubdneb al Genubi, 
Shemali ſignifies northern, and Genubi 
ſouthern, they are exactly miſcalled on 
| Wahr common on of modern cpniiyuce 


XVII. ALL, theſe are the four ry in 
"FIR marked „ 4 r. 


XVII. 2 
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XVIII. Kalb, the ſcorpion” s heart marked 


4, more fully Kalbalakrab; the word 


Antares, if it is not a corruption, has no 


ſignification, and is therefore omitted. 


XIX. / Sbaulab, the Scorpion's tail, or the 


ſtar marked >. The word Leſatb we have 
omitted, being another pronunciation of 
TLaAſab, the true name is Shaulah. 


XX. Al N4aim, theſe are eight ſtars in FIG 
gittary, marked + 45 a we © Þ; 


Ulugh = makes them only; three, 
i. e. 7 . ; 


XXI. Beluub, tis. is that part of the 
Horſe in Sagittary, where there are no 
ſtars drawn, and if there be any in that 


part of the heavens, it is thought they 
are only teleſcopic ſtars, 


XXII. Sad Al Dabib, three ſtars i in a Cape 
corn; marked a 8 5, 1 


XXII. Sad 41 Bula, the ſtars marked x „ it 
the hand of Aquarius. 


XXIV. Sad A Suid, the ſtars marked 8 
and g in rr 
8 2 XXv. Sad 


1 ⁰ A ˙¹ü w Acton ˙ —— on ts — — = 
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XXV. Sad Al Achbiyah, three lars in A- 
quarius marked 7 E 0. 


XXVI. Pberg al Mathdlech, the ftars 
marked à and g in Pegaſus, Wn 


XXVII. 4! Pherg al Muacchir, theſe are 
two ſtars, one in the head of Andromeda, 
marked 4, the other i in the 8 of Fe- 
gaſus, marked . 


XXVIII. 41 Riſhd, the ſtar marked B in 
- the gitdle of Andromeda. 05 


This is a divigon of 'the 38 At. 
ferent from any thing the Greeks were ac- 
quainted with, and therefore Was not bot- | 
; rowed from them. e 52 


PROBLEM Lv. 
To find a meridian line. 


305. Bring the ſun's place in the ecliptic 
on the celeſtial globe, to the graduated fide 
of the ſtrong braſs ineridian, and ſet the 
horary index to that XII, which is moſt 
eleyated; turn the globe, till the ſtar mark- 
ed y in Caffiopea's hip, is under the gra- 
| duated 
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duated fide of the ſtrong braſs meridian, 
with about 11 degrees of right aſcenſion ; at 
which time the polar tar, in the extremity 
of the tail of the little bear, will be above 
the pole, and upon the meridian alſo. If 
you find in this application of the globe, 
that the horary index points to any hour of 
the day, when the globe is rectified” to the 
latitude of your ſituation, turn the globe 
again, till the ſtar marked , called Alioth, 
being the firſt in the tail of the great Bear, 
is under the graduated ſide of the ſtrong 
braſs meridian, and then the polar ſtar will 
likewiſe be upon the meridian, with about 
191 degrees of right aſcenſion, but under 
the north pole, and the horary index will 

point out the time of the night, when this 
| phenomenon is to happen, before which 
you are to have the following apparatus 
properly prepared, that you may be ready . 
to attend the obſervation, that is, to find 
your meridian line. 


Suſpend two plumb lines, and let their 
weights be immerſed in water, to prevent 
their vibrating, but in ſuch a manner that 
the ſtring of one of them may be directly 
between the polar ſtar and the ſtring of the 

83 other. 
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other. After this adjuſtment of the tyq 
ſtrings, if they remain untouched till the 
next day at noon, a meridian line may be 
obtained at any window in the houſe which 


has a ſouthern aſpect, by ſuſpending lines 
as above from the ceiling; that next the 


window may be fixed, but the other ſhould 
be moveable in a direction nearly caſt and 
weſt, the weights of theſe ought ale to be 
immerſed in water; then, if two perſons 
attend a little before noon on the next day, 
one of them at the two firſt plumb lines 
which were adjuſted to the polar ſtar, and 
the other at the two plumb lines in the 
houſe which are then to be adjuſted, each 
of them holding a ſheet of white paper in 

their hands, to receive the ſhadow of the 
. two ſtrings caſt thereon. by the ſun; the 
firſt obſerver is to give a ſignal to the ſecond 


of the inſtant the two ſhadows on his 


are united in one and the fame line, at 

which time the ſun will be preciſely upon 
the meridian. The other obſerver in the 
houſe is likewiſe to attend with diligence, 
and as the ſun is coming nedrer and nearer 
to the meridian, he is conſtantly to remove 
his moveanle plumb line, and keep the ſha- 


dows 
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dows of his two ſtrings always 1980 in 
one diſtinct ſhadow, that his obſervation 
may be compleat, n 
wy definitive fignal. 

If this be repeated four or ive tics, a 
very accurate meridian line may be obtain- 
ed, and - may be drawn on the window, 
the floor, or a pavement, by their ſhadow 
when united by the ſun's rays; -and the 
plumb lines may be occaſionally ſuſpended 
from two fixed hooks, when you chuſe to 
obſerve the paſſage of the ſtars a-ctols the 
meridian, 

For the uſe of Stands will not be 
improper to obſerve, that the late Dr. 
Bradley found that the diſtance' of the ſtar 


marked « at the extremity of the tail of the 


little Bear, from the polar point, was 2 deg. 
3 min. 39 ſec. on the firſt day of January, 
A. D. 1751, old ſtile; at the fame time its 
right aſcenſion was 10? 45' 15" equal to 


43 min. 1 ſec. of time; and as the right 


aſcenſion increaſes 1 min. 16 ſec. every ten 
years, its right aſcenſion may be obtained 
for any ſucceeding year; and having the 


ſun's right aſcenſion in time alſo, ſubtract ' 


the laſt from the firſt ; by adding 24 hours 
84 ta 


| 


it is leſs than the ſun's, the remainder will 
be the time * coming to * me- 
ridian. 


— — , — 7 7˙ - — a 
— — —— — 
* 


to the right aſcenſion of the pole ſtar when 


Then, as before, lack up two olamb 


- lines, between your eye and the polar ſtar. 


PROBLEM .LVI. 
Of the equation of b time. 


306. As time flows with great regula- 
rity, it is impoſſible to meaſure it accurate- 
ly, and compare its ſeveral intervals with 


each other, but by the motion of ſome of 
the heavenly bodies, whoſe progreſs is as 
uniform and regular as itſelf. 


Ancient aſtronomers looked upon the ſun 
to. be ſufficiently regular for this purpoſe; 
but by the accurate obſervations of later 


aſtronomers, it is found that neither the 
days, nor even the hours, as meaſured by 
the ſun's apparent motion, are of an equal 
length on two accounts. 


iſt, A natural or ſolar day of 24 hours, 


is that ſpace of time the ſun takes up in 


paſſing from any particular meridian to the 
fame again; and one revolution of the earth, 
with 
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with reſpect to a fixed ſtar, is performed in 
23 hours, 56 minutes, 4 ſeconds; there- 
fore the unequal progreſſion of the earth 
through her elliptical orbit, (as ſhe takes al- 
moſt eight days more to run through the 
northern half of the ecliptic, than ſhe does 
to paſs through the ſouthern) is the reaſon 
that the length of the day is not exactly 
equal to the time in which the earth per- 
forms its rotation about its axis. 

_ 2dly, From the obliquity of the ecliptic 
to the equator, on which laſt we meaſure 
time; and as equal portions of one do nat 
. correſpond to equal. portions of the other, 
the apparent motion of the ſun would not 
be uniform; or, in other words, thoſe points 
of the equator which come to the meridian, 
with the place of the ſun on different days, 
would not be at equal diſtances from each 
other. 


This laſt is eafily ſeen upon the globe, 
by bringing every tenth degree of the eclip- 
tic to the graduated fide of the ſtrong braſs 
meridian, and you will find that each tenth 
degree on the equator will not come me 
with it, but in the following order from 
to S, every tenth degree of the ecliptic 
| comes 
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comes ſooner to the ſtrong braſs meridian 


than their correſponding loths on the equa- 


tor; thoſe in the ſecond, quadrant of the 


ecliptic, from S to , come later, from 
to y ſooner, and — vs to Aries later, 
whilſt thoſe at the beginning of each qua- 
drant come to the meridian at the fame 


time; therefore the ſun and clock- would 


be equal at theſe four times, if the ſun was 
not longer in paſſing through one half of 
the ecliptic than the other, and the two 
inequalities Joined together, compoſe that 
difference which 18 called the equation of 
time. 

Theſe cauſes are independent of each 
other, ſometimes they agree, and at other 


times are contrary to one another. 


The time marked out by an uniform 
motion, -is called true time, and that ſhewn 
by the ſun, 1s called apparent or ſolar time, 
and their difference is the equation of time. 


cue and Terreſtrial Globes. 267 


We now 3 to ſhew, how 
the terreſtrial globe will repreſent 
the real phanomena relating to the 
earth, when actually compared with 
the refulgent rays. emitted from the 


great ſphere of day. 


307. The meridians, on our new ter- 
gelte globes, being ſecondaries to the equa- 
tor, are alſo hour circles, and are marked 
as ſuch with roman figures under the equa- 
tor, and at the polar circles. But obſerve, 
there is a difference in the figures placed 
to the ſame hour circle ; ; if it cuts the IIId 
hour upon the polar circles, it will cut the 
IXch hour upon the equator, which is ſix 
hours later, and ſo of all the reſt, 
Through the great Pacific Sea, and the 
interſection of Libra, is drawn a broad me- 
Tidian from pole to pole, it paſſes through 
the XIIth hour upon the equator, and the 
VIth hour upon each of the polar circles; 
this hour circle is graduated into degrees 


and parts, and numbered from the equator 
towards either 2 


There 
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There is another broad meridian paſſing 
through the Pacific Sea, at the IX th hour 
upon the equator, and the IIId hour upon 
each polar circle; this contains only one 
quadrant, or go degrees, the numbers an- 


nexed to it begin at the northern polar circle, 
and end at the tropic of Capricorn. 


Here we muſt - likewiſe obſerve, there 
are 23 Concentric circles drawn upon the 
terreſtrial globe within the northern and 
ſouthern polar circles, which for the future 
we ſhall call polar parallels; they are placed 
at the diſtance of one degree from each 
other, and repreſent the parallels of the ſun's 
declination, but in a different. manner from 
the 47 parallels between the tropics. 


The following problems require the globe 
"to be placed upon a plane that is level, or 
truly horizontal, which is eaſily attained, 
if the floor, pavement, gravel-walk in the 
garden, &c. ſhould not happen to, be ho- 
rizontal. 

A flat ſeaſoned board, or any box which 
is about two feet broad, or two feet ſquare, 
if the top be perfectly flat, will anſwer the 
purpoſe, the upper ſurface of either may 
de ſet truly horizontal, by the help of a 

pocket 
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pocket ſpirit level, or plumb rule, if you. 


raiſe or depreſs this or that ſide by a wedge 
or two, as the ſpirit level ſhall direct; if 


you have a meridian line drawn on tho 
place over which you conſtitute this hori- 
zontal plane, it may be readily transferred 


from thence to the ſurface juſt levelled; this 


being done, we are prepared for the ſolu- 


tion of the following problems. 


PROBLEM LVII. 


T 0 obſerve the ſun $ altitude by 


the terreſtrial globe, when he 
ſhines bright, or when he can 


but juſt be diſcerned through a a 
cloud. 


308. Conſider che ſhade of extuberancy, 
which is that cauſed by the ſphericity of 
the globe, heretofore called the edge of the 
earth's enlightened diſc, and mw repre- 
ſented by the broad paper circle, but here 
realized by the natural light of the ſun 
itſelf. 

Elevate the north pole of the globe to 
661 degrees, bring that meridian or hour 


circle, 


| 
4 
1 
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circle, which paſſes through the IXth hout- 
upon the equator; under the graduated fide 
of the ſtrong braſs meridian, the globe 
being now ſet upon the horizontal plane; 
turn it about thereon; frame and all; that 
the ſhadow 'of the ſtrong braſs meridian 
may fall directly under itſelf; or in other 
words, that the ſhade of its graduated face 
may fall exactly upon the aforeſaid hour 
circle; at that inſtant the ſhade of extu- 
berancy will touch the true degree of the 
ſun's altitude upon that meridian, which 
paſſes through the IXth hour upon the 
equator, reckoned from the polar circle, 
the moſt elevated part of which will then 
be in the zenith of the place where this 
operation is performed, and is the fame 
whether it ſhould happen to be either in 
north or ſouth latitude. | | 


Thus we may, in an eaſy and natural 
manner, obtain the altitude of the ſun, at 
any time of the day, by the terreſtrial globe ; 

for it is very plain, when the ſun riſes, age 
bruſhes the zenith and nadir of the globe 
by his rays; and as he always illuminates 
half of it, (or a few minutes more, as his 
globe i is ID. larger than that of the 
earth) 
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earth) therefore when the ſun is riſen 
degree higher, he muſt neceſſarily illuminate 
a degree beyond the zenith, and ſo con. 10 

portionably from time to time. 
Blut as the illuminated part is Giliewline 
more than half, deduct 13 minutes from the 
ſhade of extuberancy, and you have the ſun's 
altitude with tolerable exactneſs. 

If you have any doubt how far the 
ſhade- of extuberancy exactly reaches, hold 
a pin, or your finger, on the globe, between 
the ſun and point in diſpute, and where 
the ſhade of either is loſt, will be the point 
ſought. - 


When the ſun does not ſhine bright 
enough to caſt a ſhadow. 


309. Turn the meridian of the globe-to- 
ward the ſun, as before, or direct it ſo 
that it may lie in the ſame plane with it, 
which may be done if you have but the 
leaſt glimpſe of the fun through a cloud; 
hold a ftring in both hands, it having firſt 
been put between the ſtrong braſs meridian, 
and the globe: ſtretch it at right angles to 
1 meridian, and apply your face near to 

Trl the 
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the globe, moving your eye lower and 
lower, till you can but juſt ſee the ſun: 
then bring the ſtring, held as before, to this 


point upon the globe, chat it may juſt ob- 
ſeure the ſun from your ſight, and the de- 


gree on the aforeſaid hour circle, which the 


ſtring then lies upon, will be the ſun's alti- 
tude required, for his rays would ſhew the 
ſame point if he ſhone out bright... .., -; 
Note, The moon's altitude may be ob- 
ſerved by either of theſe methods, and the 
altitude of any ſtar by the laſt- N gant | 


PROBLEM Lvn. 
To place the terreſtrial globe i in the 


ſun's rays, that it may repreſent 
the natural poſition of the earth, 
N by a ene line, or = with- 
out it. 


| 310. 11 you have a meiden line ſet the 
north and ſouth points of the broad paper 
circle directly over it, the north pole of the 
globe being elevated to the latitude of the 
place, and ſtanding upon a level plane, bring 
the place you are in under the graduated 
8 / | fide 
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fide of the ſtrong braſs meridian, then the 
poles and parallel circles upon” the globe 
will, without ſenſible error, correſpond with 
thoſe in the heavens, and each point, king- 
dom, and ſtate, will be turned towards the 
real one which it repreſents. 


If you have no meridian line, then the 
day of the month being known, find the 
ſun's declination as before inſtructed, which 
will dire& you to the parallel of the day, 
amongſt the polar parallels, reckoned from 
either pole towards the polar circle; which 
you are to remember. 


Set the globe upon your horizontal plane 
in the ſun-ſhin®, and put it nearly north 
and ſouth by the mariner's compaſs, it being 
firſt elevated to the latitude of the place, 
and the place itſelf brought under the gre 
duated fide of the ſtrong braſs meridian ; 
then move the frame and- globe _ 
till the ſhade of extuberancy, or term of 
illumination, juſt touches the polar paral- 
lel for the day, and the globe will be ſettled 
as before; and if accurately performed, - 
the variation of the magnetical needle will 
be ſhewn by the degree to which it points 
in the compaſs box. 

T And 
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And here obſerve, if the parallel for the 


| day ſhould. not happen to fall on any one 


of thoſe drawn upon the globe, you-are to 
|ſtimate a proportionable part between them, 
and reckon that, the parallel of the day. 
If we had drawn more, the globe would 


have been confuſed. "err; þ 


Ihe reaſon. of this operation is, that as 
the ſun illuminates half the globe, the ſhade 


of extuberancy will conſtantly. be go de- 
grees from the point un the fan is 
vertical. 


If the ſun be in the equator, the ſhade 
and illumination muſt terminate in the poles 
of the world; and when de is in any other 
diurnal parallel, the terms of illumination 
muſt fall ſhort of, or go beyond either pole, 


- as many degrees as the parallel which the 


ſun deſcribes that day, is diſtant from the 
equator z therefore when the ſhade of ex- 
tuberancy touches the polar parallel for the 
day, the artificial globe will be in the ſame 
poſition, with reſpect to the ſun, as the 
earth really is, and will be. illuminated in 
the ſame manner 


PROBLEM 


; 
i; 
3 
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PROBLEM LIX. 
To find. naturally the ſun's decli- 


nation, diurnal parallel, and his 
place thereon: | 


311. The globe bring ſet apotiien hori- 
zontal plane, and adjuſted by a meridian 
line or otherwiſe, obſerve upon which or 
between which polar parallel the term of 
illumination falls; its diſtance from the pole 
is the degree of the ſun's declination: reckon. 
this diſtance from the equator among the 
larger parallels, and you have the parallel 
which the ſun deſcribes that day; upon which 
if you move a card, cut in the form of a 
double ſquare, until its ſhadow falls under 
itſelf, you will obtain the very place upon 
that parallel over which the ſun is vertical 
at any hour of that day, if you ſet the place 
you are in under the graduated fide of the 
| ſtrong braſs meridian. | 
Note, The moon's didoktich” AHürnal 
parallel and place, may be found in the ſame 
manner. Likewiſe when the ſun does not 
ſhine bright, his declination, &c. may be 
found by an application in the manner of 


problem 57. 
12 PROBLEM 
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PROBLEM LX. 
To find the ſun s azimuth naturally, | 


312. If a great Greg at right angles to 
the horizon paſſes through the zenith and 
nadir, and alſo through the ſun's center, its 
diſtance from the meridian in the morning 
or evening of any day, reckoned upon the 
degrees on the inner edge of the broad 
paper circle, will give the azimuth re- 
quired. ; 


M E T H o I 
13. Elevate either pole to the poſition 
of a parallel ſphere, by bringing the north 
pole in north latitude, and the ſouth pole 
in ſouth latitude, into the zenith of the 
broad paper circle, having firſt placed the 
globe upon your meridian line, or by the 
other method before 'preſcribed ; hold up a 
plomb-line ſo. that it may pals freely near 
the outward edge of the broad paper circle, 
and move it ſo that the ſhadow of the 
ſtring may fall upon the elevated pole; then 
caſt your eye immediately to its ſhadow on 
the broad ** circle, and the degree it 
| ee 


— — 
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there falls upon is the ſun's azimuth at that 


time, which may be reckoned from either 
the ſouth or north points of the horizon. 


METHOD II. 


314. If you have only a glimpſe, or 
faint fight of the fun, the globe being ad- 
juſted as before, ftand on the ſhady fide, 
and hold the plomb-line on that fide alſo, 
and move it till it cuts the ſun's center, and 
the elevated pole at the ſame time, then 
caſt your eye towards the broad paper circle, 
and the degree it there cuts is the ſun's azi- 
muth, which muſt be reckoned from the 
oppeiite cardinal point. 


PROBLEM LXL 


To ſhew that in ſome places of the 
earth's ſurface, the ſun will be 
twice on the ſame azimuth in the 
morning, twice on the ſame azi- 
muth in the aſternoon; or, in 

a other wor ds, 

315. When the declination of the ſun 


exceeds the latitude of any place, on either 
ts. ſide 
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fide of the equator, the ſun will be on the 
ſame azimuth twice in the marning, and 
twice in the afternoon. _ 

Thus, ſuppoſe the globe rectified to the 
ſatitude of Antigua; which is in about 17 
deg. of north latitude, and the ſun to be in 
the beginning of Cancer, or to have the 
greateſt north declination; ſet the quadrant 
of altitude to the 21ſt degree north of the 
eaſt in the horizon, and turn the globe upon 
its axis, the ſun's. center will be on that 
azimuth at 6 h. 30 min. and alſo at 10 h. 
30 min. in the morning. At 8 h. 30 min. 
the ſun will be as it were ſtationary with 
reſpect to its azimuth for ſome time; as 
will appear by placing the quadrant of al- 
titude to the 17th degree north of the eaſt 
in the horizon. If the quadrant be ſet to 
the ſame degrees north of the weſt, the ſun's 
center will croſs it' twice as it approaches 
the horizon in the afternoqn. 


This appearance will happen more or 
leſs to all places fituated in the torrid zone, 
whenever the ſun's declination exceeds their 
latitude; and from hence we may infer, 
that the ſhadow of a dial, whoſe gnomon 
is erected perpendicular to an horizontal 

plane, 
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plane, muſt neceſſarily go back ſeveral de- 
grees on the ſame day. 


But as this can only happen within the 
torrid zone, and as Jeruſalem lies about 8 
ees to the north of the tropie of Can.” 
cer, the retroceſſion of tlie ſhadow on the 
dial of Ahaz at Jeruſalem; was in the ſtricteſt 
ee en I mitaculous. logg 


PROBLEM LI. 


To obſerve. che hour af the day in. 


the moſt natural manner, when 
the terreſtrial globe is Pope . 
| Placed | in oe ſun-ſhine. 


3 16. There are many ways to perform. 
this operation with reſpect to the hour, three 
of which are here inſerted, being: general 
to all the inhabitants of the earth; a fourth 
is added peculiar: to thoſe" of London, which 
will anſwer, without ſenſible” error, at any 
place not exceeding the diſtance of 60 


miles from this · capital. 


Tis D iſt, By 
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iſt, By a natural ſtile. 


317. Having rectified the globe as before 
directed, and placed it upon an horizontal 
plane over your meridian line, or by the 
other method, hold a long pin upon the 
illuminated pole in the direction of the 
polar axis, and its ſhadow. will ſhew the 
hour of the day amongſt the polar * 
rallels. 

The axis of the globe being the com: 
mon ſection of the hour circles, is in the 
plane of each; and as we ſuppoſe the globe 
to be properly adjuſted, they will corre- 
ſpond with thoſe in the heavens ; ;  there- 

fore the ſhade of a pin, which is the axis 
continued, muſt fall upon the true hour 
circle. 


adh, By an artificial ſtile. 


318. Tie a ſmall ſtring with a nooſe. 
round the elevated pole, ſtretch its other 
end beyond the globe, and move it ſo that 
the ſhadow of the ſtring may fall upon 
the depreſſed axis; at that inſtant its ſha- 
dow upon the equator will give the ſolar 
boy r to a minute, 


But 
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But remember, that either the autumnal 
or vernal equinoctial colure muſt firſt be 
placed under the graduated ſide of the ſtrong 
braſs meridian before you obſerve the hour, 
each of theſe being marked upon the equa : 
tor with the hour XII. 

The ſtring in this laſt caſs being moved 
into the plane of the ſun, correſponds with 
the true hour circle, and conſequently gives 
the true hour. 


3dly,. Without any. ſtile at all; 


319. Every thing being rectified as be- 
fore, look where the ſhade of extuberancy 
cuts the equator, the colure being un- 
der the graduated ſide of the ſtrong braſs 
meridian, and you obtain the hour in two 
places upon the equator, one of them 
going before, and the other following the 
ſun. 

Note, If this ſhade be dubious, pply a. 
pin or your finger as before directed. 

The reaſon is; that the ſhade of extu- 


berancy being a great circle, cuts the equa- 
tor in half, and the ſun, in whatſoever pa- 


rallel of declination he may happen to be, 
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is always in the pole of the ſhade ;, conſe- 
quently the confines of kgh and e 
Wm 


Athly, bebe to the inhabitants of 
London, and its environs, within 


the diſtance of fixty miles. 


0 


320. The globe being every way adjuſted 
as before, and London brought under the 
graduated fide of the ſtrong braſs meridian, 
bold up a plomb line, ſo that its ſhadow 
may fall upon the zenith point, (which in 
this caſe is London itſelf) and the ſhadow 
of the ſtring will cut the parallel of the 
day upon that point to which the ſun is 
then vertical, and that hour circle upon 
which this interſection falls, is the hour of 
the day; and as the meridians are, drawn 
within the tropics at 20 minutes diſtance 
from each other, the point cut by the in- 
terſection of the ſtring upon the parallel of 
the day, being ſo near the equator, may, 
by a glance of the obſerver's eye, be re- 
ferred thereto, and the true time obtained 
to a minute. 


The 
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The plomb line thus moved is the azimuth, 
which, by cutting the parallel of the day, 
gives the ſun's place, and conſequently the 
hour circle which interſects it. 


From this laſt operation reſults a a 
lary, that gives 4 ſecond way of rectifying 
the globe to the ſun's rays. 

If the azimuth and ſhade of the gol: 
nated axis agree in the hour when the globe 
is rectified, then making them thus to agree 
muſt rectify the globe. 


"COROLLARY. 


Another method to realy the globe 
to the ſun's rays. . 


321. Move the globe till the ſhadow of 
the plomb line, which paſſes through the 
zenith, cuts the ſame hour on the parallel 
of the day, that the ſhade of the pin held 
in the direction of the axis falls upon, 
amongſt the polar parallels, and the globe is 
rectified. 
The reaſon is, that the ſhadow of ha 

axis repreſents an hour circle; and by its 
agreement in the ſame hour, which the 
thadow of the azimuth ſtring points out, 


| — 
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by its interſection on the parallel of the day, 
it ſhews the ſun to be in the plane of the 
faid parallel ; which can never happen in the 
morning on the eaſtern fide of the globe, nor 
in the evening on the weſtern fide of it, but 
when the globe is reQiified: 

This rectification of the globe is only 
placing it in ſuch a manner that the princi- 
pal great circles, and points, may concur and 
fall in with thoſe of the heavens, 

The many advantages arifing from theſe 
capital problems relating to the placing of 

the globe in the ſun's rays, an intelligent 
Reader will eafily diſcern, and readily ex- 
tend to his own as well Une bancky of 
his pupil. | 
: PROBLEM LXII. 
To find when the planet Venus 'is 
a a morning or an evening ſtar. 
322. Rectify the celeſtial globe to the 
latitude and ſun's place, art. 189, 190. find 
the place of Venus by an ephemeris, and 


fet the artificial moon to that place in the 
zodiac, which will repreſent the planet; 


n g the artificial ſun to the eaſtern edge 
of 
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of the horizon; if Venus is then elevated, 
ſhe will riſe before the ſun, and be a morn- 
ing ſtar; but if ſhe is depreſſed below the 
horizon, ſhe muſt then conſequently follow 
the ſun, and become an evening ſtar. 


PROBLEM LXIV. 
To find at what time of the night 


any planet may be viewed with a 
reflecting teleſcope. | 


323. Rectify the celeſtial globe to the 
latitude and ſun's place, art. 189, 190. ſeek 
the planet's place and latitude in an ephe- 
meris ; to which place in the zodiac, ſet 
the artificial moon to repreſent the planet, 
and it will ſhew its place in the heavens : 
bring the planet's repreſentative. to the eaſtern 
fide of the horizon, and the horary index 
will ſhew the time of its riſing; if the ar- 
tificial ſun is then elevated, the planet will 
not be viſible at that time by means of his 
ſuperior light; therefore turn the globe from 
eaſt to weſt until the artificial ſun is de- 
preſſed below the circle of twilight, art. 
93, and 216, where ſtop the globe, and 

ſcrew 
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ſcrew the nut of the quadrant of altitude iti 
the zenith, art. 192, lay its graduated edge 
on the center of the planet, and it will ſhew 
in the horizon the azimuth or point of the 
compaſs, on which the planet may then be 
viewed in the heavens ; the horary index 
will at the ſame time point out the hour of 
the night. When the planet comes to the 
ſtrong braſs meridian, the index will ſhew 
the time of its paſſage over that celeſtial 
circle; and at the weſtern edge of the ho- 
rizon, the time of its ſetting will likewiſe 
be obtained, eg 


PROBLEM 
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PROBLEM LXV. 


To find what azimuth the moon is 
upon at any. place when it is 
flood or high water; and thence 

the high tide for any day of the 


moon's age at the ſame place. 


324. Having obſerved the hour and mi- 
nute of high water about the time of ne- 
or full moon, rectify the globe to the la- 
titude and ſun's place, art. 189, 190. find 
the moon's place and latitude in an ephe- 
meris, to which ſet the artificial moon, and 
ſcrew the quadrant of altitude in the zenith; 

rn the globe till the horary index points 
to the time of flood, and lay the quadrant 

ver the center of the artificial moon, and 
it will cut the horizon in the point of the 
ompaſs upon which the moon was, and 
the degrees on the horizon contained be- | 
tween the ſtrong braſs meridian and the | 


quadrant, will be the moon's azimuth from 
the ſouth, 


— U—— — — 


” — ww Wu ax 
* * 
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To find the time of high water at 
the ſame place. 


32. Rectify the globe to the latitude and 
_ zenith, find the moon's place by an ephe- 
meris for the given day of her age, 'or day 
of the month; and ſet the artificial moon 
to that place in the zodiac; put the qua- 
drant of altitude to the azimpth before 
found, and turn the globe till the center of 
the artificial moon is under its graduated 
edge, and the horary index will point to 
the time of the day on Wen it will be 
high water. Ws {ct 
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Right Angled Spherical Triangles 


326, "Spherical triaagl is formed upon 
F ; the ſurface of a globe by the in- 
terſeclion, of three great cir Cl cles, 


10 


327. A ſpherical — is the interſcRion 


of two great circles that incline to one an- 
other; the quantity of any ſphetical angle 


is meaſuted by a third great circle, inter- 


cepted between the U of the angle, at 
90 degrees diſtance rom the interſecting 
Point. ff of o!,uols og 11 15> 
328. A Aght Fer ſpherical triangle 
hath one right angle, o lides about- which 
0 are 


| 
l 
| 
i 
| 


may be changed into angles, and the ang 
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are called legs, and the ide oppoſe to. it 
the hypothenuſe. 

329. An oblique angled e tri- 
angle has its angles greater or Teſs than go 
degrees : the ſolution of ſpherical triangles 
conſiſts in finding the meaſure of its ſides 
and angles. 0 

330. The ſides of any ſpherical triangle 
les 
into ſides; if for any one ſide, and its op- 
poſite angle, their complement to a ſemi- 
circle be taken. * 


0 nE. L CA 8 E I. 
PROBLEM LXVI. 


4 Hot 4 


a The * and one is being 


_ given, to find the reſt. 


2 che right angled. ſpherical wing 

ABC, hg. 29. are given rl; 

The ypathenaſe BO. 64.46 le uu. uf 40 

The leg LIAN . TY 
331. Fig. 30. elevate the pole P to 429 

12, the quantity of the given leg A C, and 

number the fame - N on the ſtrong 
| braſs 
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braſs meridian from , the «equator to Z, 
the zenith; there fix the quadrant of alti- 
tude. Bring that meridian which paſſes 
through London under the braſs meridian, 
and count 64 40% the-mealure of the hy- 
pothenuſe, on the quadrant downwards from 
Z to G, and move it till the point G in- 
terſects the equator, and the angle, ZG Æ 
will be formed. 

The fide E Z repreſents the Nen ſide 
AC, the hypothenuſe B C is. repreſented b y 
the arch Z G, the requited fide A B is re- 
preſented by G 2 an arch of the equator, 
its meaſure 34 43'; between E and-G-is 
the quantity | ſought ; the angle A CB, is 
repreſented by the angle G Zz E, and its 
meaſure is found on the arch AO of the 
Horizon equal to 64 35%. 

1 'To find the other ang le A BC 
having obtaiged the meaſure of the fide B , 
54 43% elevate the pole P agreeable thete- 
to, and reckon the ſame from to 23 
there fix the quadrant of altitude; N 
the other leg A C, 42 12/ from to G 
on the equator (the meridian paffiag through 
London remaining as before) and to that 
poune bring the quadrant of altitude ; then 

U2 the 
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the arch A O, on the horizon, will contain 
482 oo, the meaſure of the angle AZG, 
1 to ABC, the angle fought: 


c As E 1. 
PROBLEM LXVIL 


7 he hypothenuſe and an angle being 
given, to find the reſt. 


In the right angled e A 5 C, fig. 
29, are given 


(7 lb M4 | | | 
'- © 
The hypothenuſe BC 64 .. 2a 
r ACB (4 351 85 


333. Fig. 33. place P p the poles of the 
"globe i in the horizon H O, and fix the qua- 


drant of altitude to Z the zenith ; number 
| 64 35% the meaſure of the given angle, 
upon the horizon from & to F; move the 

quadrant to the point F, and es count 
| '64% 40% the quantity of the hypothenuſe 
| from Z downwards to G, to which point 
bring that. graduated meridian which paſſes 
through Libra =, and the OO" GZ= 
will be formed. | 


28 
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2 G an arch of the quadrant of altitude 
repreſents the hypothenuſe; Z & an arch 
of the equator een the required ſide 
AC equal to 42 12, and G & an arch 
of the meridian; P p equal to 54 43%, 
is the meaſure a. the other required ſide 
A B. ac 
Nov having found the ſide A B, . 
to the required angle A B C, its meaſure 
may be found by art. 332. 178+ 4d 


CASE III. 
PROBLEM LXVII. 


A leg and its adjacent angle being 
Liven, to find the reſt. 


In the right angled triangle AB c, fig. 


29. are given 


| the leg AC 
The leg BA 80 Hi 50 0 angle ACB 
The angle WG N 00 the hyp, BC 
334. Fig: 20. elevate the pole P, to 542 
47 , the quantity of the given leg B A; 
count the fame from & to Z, and fix the 
quadrant at Z; bring that meridian which 
* through” London under the ſtrong 

U 3 braſs 


* 
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braſs meridian, and reckan the given angle 

489 oo, from O to A, on the horizon; 

bring the quadrant to A. ow; bmg 

2 C & nil be med. ups 7 
We have the meaſure of * e ſide 

CA 1 A G an arch of che equator, 


equal to 42 12“, and the hypothenuſe B C, 


upon G Z, an arch of the quadrant, equal 
to 64 40ʃ, the angle en pe e n 


by art. 332. 


CASE IV. 
PROBLEM LXIX. 
Both legs" given, to find the reſt. 

In the right angle N A B C, > bg 29. 


are given | gde 19 11 
Th legs AB find apt 2 N 
e legs 4 43 1 to CB 
be 4: pH wr 12 angles} Abe 


335. Fig. 30. elevate the globe to the 
quantity of either given leg as A C, 429 12/, 
number the ſame from to Z, and fix the 
quadrant at Z, ſet the meridian which paſſes 
through London under the ſtrong braſs me- 
ridian, and count the other given leg A B, 


—_ 
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542..43/.upon the equator from E to G, 
bring the quadrant to G, and the re 
Z G A will be formed. Ups 
The arch 2 G on the We * ahi 
tude 64. 40/ is equal to BC the hypo- 
thenuſe, the arch O A, 649 35“ on the. 
horizon, is the meaſure of the angle G Z , 
equal to the required angle ABC. The 
other e may be found by art. 332. 


A 
PRO BL E M LXX. 


| Both "gs given, to find the three 
5 ſides. 5 


In the right angled triangle A B ©, fig. 
* are given | 
Th . ACB 6. N find e. * 
an 
5 22 * 2955 lee 336 
336. In this fitth caſe, x we muſt have re- 
courſe to art. 330, and then we ſhall have 
an oblique angled ſpherical triangle a b c, 
fig. 31, whoſe fide a b is equal to the angle 
ACB of the given triangle; the fide b c, 
equal to the angle A B C; and the fide a c, 
U 4 equal 
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equal to the complement of the right angle 
to 180 degrees, which muſt An "oe ne- 
Nr be go degrees. | 
337. Fig. 30. number 480 00! the fide 
be of this ſecond triangle, from P, tlie 
pole of the globe to Z; and there fix the 
quadrant of altitude; then bring the point 
Z into the zenith, art. 192. and count go? 
oo/ the quantity of the ſide a c, from P the 
pole to G, upon that meridian which paſſes 
through = ; number the ſide a b, 64 35 
upon the quadrant of altitude * 


from Z to G, then moye the globe and the 


quadrant, until theſe quantities meet in one 
point at G, and the ral PZ will m 


formed. 


The $f K 0, on the 8 wil * 
the meaſure of the angle E P G 54 43% 
equal to the required fide A B; and the 
arch A O, in the horizon, that of the angle 
GZ & 64® 40/, which is the complement of 
the angle PZ G to 180 degrees, and is equal 
to the hypothenuſe B C: thus having obtained 
the meaſures of two of the required ſides, 
we have ſufficient data to find the third fide 
A C, either by the firſt or ſecond of the pre- 
22 8 caſes, art. 33 333. 

The 
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PROBLEM. LAX 


Two ſides and an angle rede 05 


one of them being given, to find 
the reſt.” | 


Th the oblique e We trian 5 N 
BCD, hg. 32. are given I 


. g a © 
9 0 &# 


3 


6 40 þ to find. BCD - 
The angle CBD 48 31 oy angles} BDS 


338. Fig. 30. Count the fide B C 83” 
13', on the ſtrong braſs meridian from P 
to Z; fix the quadrant of altitude at Z, and 
bring that point into the zenith; and from 
Z downwards to G, number 56 40/; where 
make a mark for the extent of the other fide 
CD, and reckon its oppoſite angle D BC, 
48? 31 on the equator from the point = 

at 


I 19 's 791 
[The fdes 5 BO 33 th. Pho * ſide BD , 


298.  Doſeription and Uſe ef 


at G eaſtward, towards , where ſtop the 
globe, and bring the mark upon the qua- 
drant to coincide at G with the meridian 
PG, Which paſſes thro* =, then the arch 
P G will contain 114 307, the meaſure of 
the required fide BD; and the arch H A 
in the horizon 125% a20/, will be the mea- 
ſure of the angle B CD; the other angle 
PGG, equal to the required angle B D C, 
may be found by art. 332, in changing the 
tides upon the globe, Or, 

339. If you make a mark on the globe di- f 
rectly under the point Z, and bring 4 point 
G. to the zenith, over which the quadrant; of 


altitude is to be fixed, and lay its « graduated 


edge upon the point juſt marked ; it will 
ſhew in the horizon, between the ſtrong 
braſs meridian and quadrant, 62 51, the 
meaſure of the required angle P'G Z, equal 
to the angle BD C. 


CASE 
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Ly } 9 


1 CASE, 1. | 
$857, PR 0 BL EM: IXI 


T wo angles and. a. ſide 1 Ty 


ane of hea being e to find 
che reſt. 


10 the oblique _ wage BCD, 


fig. 32. are given 


BOD' | 12 2 — CD 
| The angles} BDC 5 ese ſides f BD 
The fide | BC 83 13 the angle DBC 


340. Fig. 30. Reckon the angle BDC, 
626 51', which is oppoſite to the given fide 
upon the equator from = eaſtwards, and 
bring that point to ; count the given ſide 
BC, 839 13' upon the quadrant of altitude 
from Z downwards to G, where make a 
mark, and number the other given angle 
BCD 125% 30', in the horizon from H to 
A ; ſet the lower end of the quadrant to the 
point A, and hold it there while you flide 
the pole of the globe higher or lower, until 
the mark on the quadrant at G, interſects 
that meridian which paſſes through , and 


voto at 


— n 
0 * 
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at the ſame time, that the nut at the up- 
per end of it may be exactly in the zenith, 
where fix it, and the * PZG will 
be formed. 

The arch PZ, of l ſtrong 1 meri- 


dian, contains 56? 40/,” the Naa of the 
| required fide C D, and the arch PG 114 


30“, is equal to the other required fide B D, 
the angle DBC may be "Runs 225 art. * 332, 


or 339. 
CAS E III. 
PROBLEM LXXIII. 


Two ane and their mnie e 
given, to 1 che reſt d 


if 


10 the oblique LY ningl BC D, 


"<p 32. E | 19:13 nc 


* \ 


The des BC 83 13 * the fide: - 2 
Aral 5 an I nie 
341. Fig. 30. Count the fide c D 569 | 
40” from P to Z on the ſtrong braſs me- 
ridian; bring the point Z into the zenith, 
and to it fix the quadrant of altitude, and 


number 
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number from Z downwards to G, the quan- 
tity of the fide BC 830 13% and there 
make a mark; then count the given angle 
B C D, 1255 30, on the horizon from H 

to A, and to A bring the quadrant; laſtly, 
bring the meridian which paſſes through = 
to the point G marked on the quadrant, 
and the arch PG, 114* 30o', will be the 
meaſure of the required fide B D, and the 
equatorial arch A G, 63 $51''is the mea- 
ſure of the angle BD C, equal to the angle 
GPZ: the other angle may be found as 
before ſhewn, art. 332, 339 


CAS E W. ond 
PROBLEM LXXIV, 


Two angles and the included fide 
given, to find the reſt. 


Tir the oblique angled trian gle B C D, 
hg. 32, are-giyen 


The fide CD 56 46 che angles DBC 
5o po 50 


BCD 125 30 
e 62 51 the üdes 155 


342. Fig. 30. Number the fide CD, $69 
40', from P to Z, and bring Z into the 
Zenith, 
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zenith, and fix the quadrant there alſo; 
count the angle BD C, 62? 51“ on the 
equator,” from to E;; number the angle 
OD, lag“ zol, upon the horizon from H 
to A, and ng the quadrant to A; then 
PG, 1149 zol, 1 to B D the 
required ſide, G Z 839 13“ qual to the 
other | required fide. B C, and the angle 
PG Z equal to the angle DBC, __ be 
found by art. 332, 339. R 4% 41104. 


„ eee 
| PROBLEM" IXXV. 
Three ſides given, to find the ane. 


In the oblique angled triangle BC D, 


: fig. 32, are given 


BC 83 1499. © BCD 
The dae, CD 56 40 fd than CDB 
BD - 114 309 DBC 


343. . Fig. 30. Number the fide CD 56 
40 on the ſtrong braſs meridian from P to 
Z, bring Z into the zenith, and to it fix the 
quadrant of altitude; count the fide B D, 
114 zol on the meridian, which paſſes 
82 881 = from P to G, and the fide CB 


63? 


! 
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935 13' upon the quadrant ſtom Z down- 
wards to G, then move the globe and qua- 
drant, undi the: two laſt points coincide. 
The arch HA 125 20/ on the horizon 
will be the meaſure of the angle PZ G, 
equal to the required angle B C D, the arch 
ES of the equator 82? 15˙ is the meaſure 
of the angle G P Z, equal to the angle 
BDC. Thus having found two of the re- 
quired * the hang Wart de found by 
4 33 J 


CAS E VL 
PROBLEM LXXVI 


The angles given, to find the ſides. 


In the oblique angled triangle B C D, 
fg. 32. are given 


BCD 125 20 BC 
The angles | CDB 62 51 F to find the ſides 4 CD 
DBC 48 31). DB 


344. This caſe may be reſolved as the 
fifth caſe of right angled ſpherical triangles 
art. 336. by converting the angles into ſides, 
then finding the angles as in the laſt pro- 

blem, 
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blem, where the angles in; the converted 


triangle will be the ſides required in this. 
Having ſhewn how to ſolve all the caſes 
in right and oblique angled ſpherical tti- 
angles, we proceed to ſnew the extenſive 
uſe ot the globes in the ſolution of a few of 
the principal aſtronomical problems, ac- 
cording to Pr. Flamſted's doctrine of the 
ſphere; and as we do not know theſe have 
ever yet been applied to the globes, hope the 
Reader will think them both * 
and uſeful, 


a4 


The 


Celia and rene Glee. 3 os 


3 : * 


The Uſe af the Globes ” the 
een of e Pro- | 


_ blems. 


bfr il 2 


5 244 $14 +#1 


Grven, the” ſun's place in the 
ecliptic in 8 12 15“. The in- 
clination of the planes of. the. 

- equator and ecliptic, 230 29 ½ 


To rr the ſun's right aſcenſion 
from the firſt point of Aries, the 
ſun's diftanee from the north pole 

of the world, and the an gle, which 
the meridian, paſſing throu gh the 

{un at that place, makes with the 

ecliptic. = 


\ 
- 1 = 


| | > 52013, 5 W Sl Yi hot 04 
245. Fig. 34. The circular ſpace marked 
G, A, M, I, repreſents the ecliptic, e its 
pole, P the north pole of the world, ele- 
vated 664 degrees above the firſt point of 5. 
The eye is ſuppoſed to be placed directly 
X over 
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over the point e, when the reader 8 
this figure with the glo Wt} By 
Ni mark ©, Mt I in Taurus, 
to repteſelit the ſun's place! in the echptic, 
and turn the globe till that meridian which 
paſſes through = interſects the point G; it 
will then repreſent the ſun s en at 
that time. 
The globe being thus rectißed, we have) 
between e ſun's proper meridian P , and 
the, ſolſtitial colare © P vs, here repreſented 
by the ſtrong braſs meridian, with the arch 
© S ſpherical triangle G 47 P, right 


RE at, Hil 2 rep we. have the fol» 


data as 


4 72 wy, 
* 155 vg data, * 175 Pat Tit S114 1 L 


SS; a le complemeitt wY N, 
Which 5 the ſun HEM * n 


J 17 7 111 (BC 
ae 215 the complement ww p e, 2 32 
29% FT Aae of the potes'of the equa- 
tor and ecliptic. 2110 11139 


To find the angle P O, the complement 
{of 60 PN the ſan's right aſcenſion * 
- the fr{t point nt of Aries, art; 202. £1 

The fide P , the ſun's diltance from the 

north pole gf the world.” "And, 
' BStogqgq! The 


-- 
28 -- - 
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The angle S w PI which is the angle that 
the meridian paſſing by the ſun make 
- wth Ga! W eee ee 
1 Hoi 1993 . boils”: 
We en the meaſhre of the firſt, by 
numbering the degrees upon the equator, 
between the ſtrong braſs meridian, and that 
which paſſes through , Which are equal 
to 09 12% its camplement; 399 48/ is the 
ſun's right aſcenſion, which is that angle at 
the pole formed by the 3 
A with the meridian F beben | 
Note, This arch of the equator: could 
not be repreſented in fig · 34. it being under 
the broad paper circle; but the reader will 
ſee it plainly when the globe i is thus recti- 
fied, 


The quantity of the ſecond poſtulatum, 
which is the ſun's diſtance from the neareſt 
pole, is found by inſpection, 74? 27/ upon 
the arch PG of that meridian paſſing thro' 
=, its complement Pi, equal to 15? 33“ 
is the diſtance of the north pole from the 
edge of the illuminated diſc, repreſented 
upon the globe, as in fig. 34. by the ſemi- 
circle fe g, the black line fe being the 
ert of altitude, and the other dotted 

C 2 X 2 half 
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half e g being ſuppoſed ; or, if the reader 


pleaſes, he may repreſent it with a ſtring. 
This complement P i is, by Mr. Flamſted, 
called the reflection, and is ever yen to 
the ſun's declination, -  - 

- Laftly, the meaſure of the ingls S © P, 
is obtained by ſcrewing the quadrant to e 
the pole and zenith point of the ecliptic, and 
counting 9o degrees from © to f; thither 
bring its lower end, then will the arch &© i 
be a" quadrant alſo z and the quantity 729 
110/, counted from f to i, upon the quadrant 
of altitude, is the meaſure” of the required 
angle S & P, formed by the meridian e 
a A © = * 


Vale! 


PROBLEM 
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"PROBLEM XXVII. 


Given, the: fan's Slices in the alp 
tic 8 12 = „the reflection or 
declination 15 33% and latitude 
of the place, ſu ppols Landen 
dat a. 700 24h 

T o find the time ip hs up! J rifing 
and ſetting ; the length of — 

| day. and night; the amplitude of 
the rifing-ſun from the eaſt, and 

ol che ſetting ſun from the weſt; 

and that of the path of our ver- 

tex in the edge 2 the Jhuminared 

+ diſc,” 


F 12461 Fig: J$- Dada the pole of the 
globe, to 15 33% the ſun's declination, 
above the plane of Bd Gi, the circle of illu- 
mination: count the ſame quantity from 
& the equator to ©, at which point fix the 
quadrant of altitude; this point will repre- 
ſent the ſun's, place; make a mark upon the 
globe on that meridian which paſſes thro? 

X 3 = at 
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= at 519 320 che given latitude; this will 


expreſs a — in the path of the vertex of 


London: bring this point to the edge of the 
diſc at B, and ſet the lower end of the qua- 
drant thereto: B is that point in the diſc 


from which the ſun is ſeen to riſe, or where 


the vertex of London in its diurnal motion 


from weſt to eaſt, paſſes out of the obſcure 
intq-the- Fplightened part of the diſc; i Pd 


is the fun proper meridian, which is re- 
preſented in this by the ſtrong braſs meri- 


dian. O is the place at which the vertex 
of London arriyes at noon, being 51 32/ 
from the equator to O, and G the place 
in the diſc, from which the ſun. js ſeen to 
ſet, or where the Vertex paſſes out of the 


: Hhiminated into the obſcure part of the diſc. 


BOG is the diurnal, and G - B, on the 
other fide of the diſc, (not here repreſent- 
ed, but to be: ſeen upon the globe) is the 

nocturnal part of the path of London. 
If you bring the mark on that meridian 
which paſſes through i to the point G, and 
the quadrant of altitude to the ſame point, 
it will be plain that we ſhall have two tri- 
angles formed on each ſide of i P , the 
ſun's 8 v. © PB; BiP, 
on 


cue and Lili b. 51s 
on the oriental or aſcending fide, and 's 3 PG, 
i P G, on the occidental or enen fide, 

In either of thefe four ttiangles there are 
ſufficient data to find what is required in 
this problem: In the triangles & PB, 2 PG, 
ate given, © P in both, the ſun's” Anaues 
from the pole, PB, equal to PG, the dif- 
tance of the vertex from the pole, which is 
always equal to the complement of. the la- 
titude, with the ſides 0 B, & S, each IN 
to 90 degrees, | 

To find the angle PB G, or PG ©, gy 
ſan's amplitude from the north, when riling 
or ſetting; and the angle © P B, or © PG, 
the time before noon. But as the two laſt 
mentioned angles ate obtuſe, we chule, to 
refolve this problem by one of the two'leiier 
triangles P Bi, P Gi. each of them being 
right angled at i, in which are given, Pi, 
the reflection, 1 5 33% equal to the decli- 
nation, BP, equal to P G, 38 28% the dif- 
tance of the pole from the vertex. 

To find the angle P'Bi i, or PGi, the 
complement of © Bi, or G Gi. the ſun's 
amplitude at riſing or ſetting from the caſt 
or welt, and the angle i P B, equal to the 
angle | iP G, which are formed between the 

X 4 ſun's 


2 


„ reer 


* 14 — — 
* = _ o — * 
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ſan's proper meridian, and that which paſſes 
through the vertex at ſun- riſing or, ſetting : 
this changed into time, expreſſes the time 
from midnight, of ſyn riſing and ſetting. 
The fide Bi is called the amplitude of the 
path of London in the edge of the diſc, and 
theſe are obtained from the globe as fol- 
OWS. 
| The meaſure of the angle B pi! js obtain- 

ed by inſpection, reckoning from = upon 
the equator to the ſtrong braſs meridian, 
which is 96® 31“: if reduced to time, it is 
4h. 38 min. in the morning, at which time 
the full riſes at London, when he is in v5 
129 15', and conſequently ſets at 7 h. 5 m. 
afternoon. See art, 249. 

The quantity 35 38/ of the PE ER 
fide B i, is obtained by inſpection between 
B and i, upon the edge of the diſc. 


The meaſure of the angle P Bi may be 
attained as follows: every thing elſe remain- 
ing as before, bring the graduated edge of 
the moyeable meridian to the firſt point of 
Von the ecliptic ; ; then count the comple- 
ment 54 22/ of the fide Bi, from i i to x, 
Where make a mark. and count the com- 
plement of BP, 51* 320 from P to y, upon 
| the 
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the moveable meridian, where make another 
mark; remove the quadrant of altitude, and 
apply it between theſe two marks, and the 
quantity 25 31” is the meaſure of the angle 
P Bi, art. 327. This is the ſun's amplitude. 
from the eaſt, qr N. E. 9 x eaſterly, 


PROBLEM LAXIX, 


Given, the latitude of the place 51 


325 or rather its complement 38? 


| 285 which is the diſtance of the 


path of the vertex from the pole, 

and the ſun's: diſtance from the 
pole, 74 27% which is the com- 

een of tis declination 15? 


33 


To find the ſun's FOR fo * 
vertex at the hour of ſix, and is 


: amphude at that time. 


337. Fig, 35- Eleyate P, the pole of the. 


globe, to 15 53/, the declination; bring the 
moveable meridian to that which paſſes 


through London ; flide the artificial horizon 


| 
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to c1 0 325 the latitude of che place, and 2 
turn the globe till the fixth hour upon the 
equator comes under the graduated bade of 
the ſtrong braſs meridian ; then the moye- 
able meridian, together with that which 

; paſſes thro” , will repreſent” the fix o'clock 
| hour- circle FKPA 127 fix the quadrant of 
: altitude to 15 33%, at the point ©, ae 
from & the equator; turn the quadrant to 
the point K, which repreſents the center of 
the artificial horizon, and the proper een 
will be forme c. 

„in ide richt angled- ſpherical triangles 
AP ©; K Pe, right angled at P, are given 
PK, equal to P A, 389 28 the diſtance 
of the vertex from the pole, © P, the path's 
-diſtance from the pole 740 27). To find 
K, or © A, the ſun's diſtance from the 
vertex at the hour of fix, and either of the 
angles, G AP, or © K P, the ſun's azimuth 
from the north at the ſame time. 


It is plain that P , being the ſun's pro- 

per meridian, FP g at right angles to it, 
muſt be the hour- circle of fix in the morn- 
ing and evening, and that the ſun riſes, 
when the vertex B comes in the weſtern 
edge of the ſun's enlightened diſc. Therefore 
| 1 
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it muſt be at K. at ſix o'clock i in 1 the morn- 
ing; at noon the vertex will be at O, upon 
oP, the ſan's* proper meridian ; and at fix 
in the evening it will be at A, upon the fix 
o'clock hour-circte again; and when the 
vertex arrives at G, upon the eaſtern edge 
of the diſc; the ſun will be ſeen to ſet Wo 
ward of the vertex. . 


The required (ide $3 „K. which 3 is SL Gar? 8 
e from the Wer, is found by count- 
ing the quantity 27 53“ upon the quadrant, 
from o to K; and the angle © KP, 80 
11/ ; the ſun's azimuth from the north may 
be meaſured by producing the fide K ©, to 
90 degrees from K to m, (art. 327.) the 
fide K P being already produced on the 
other fide of the ſtrong braſs meridian, K P 
is known to be 29 287 therefore count 
its complement 51 327, from P to n, upon 
that meridian which paſſes through a, and 
there make a mark; now remove the qua- 
drant of altitude to cut the oppoſite po int 
of the horizon to that at 'which it ſtood 1 be- 
fore, and count thereon from © down- 
wards 12 © 07 to m, where make another 
mark; then an arch of a great circle applied 


. 


„ 


2 earn 


. —ͤ——ͤ— ñ ———— . — — 
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to theſe two marks will give 809 11', the 
ſun 8 azimuth from the north. ' 


Note, A flexible ſemicircle of. polition., if 
applied with the quadrant of altitude, will 


by. found pleful i in this and many other caſes. - 


PROBLEM, LXXX., 


T O find the ſun's diſtance: Gln 1 | 
vertex when due eaſt or weſt, 
"ig the hour, or time from noon, . 


when he ſhall be in Ln of 
5 thele date, 


348. Fig. 3 5 che north pole of the globe 
being elevated to the ſun's declinatign, a8 


in the laſt problem, and the quadrant fixed 


at © as before, the moveable meridian placed 


on that of London, and the center of the 


artificial horizon ſet to the ſam: point; 
turn the globe ſo that the graduated edge 
of the quadrant may lie upon the eaſt and 
weſt points of the artificial horizon, and the 
triangle © KP will be formed; in which 
is given G P, the ſun's diſtance from the 


pole 74 27'; P K the diſtance of the 
path from the pole, 38? 21"; © K, the 


ſun's 
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ſun's diſtance” from the . vertex, when due 
caſt and weſt, may be found by 1 
counting from & to K upon the quadran 
70⁰ ol: the meaſure" of the angle & P K 
is alſo obtained upon the equator, counting 
from that point where it is croſſed by the 
quadrant of altitude, to its interſection with 
the graduated fide of the ſtrong braſs mert- 
dian, 77* $53', in time 5 h. 9 m. from 
noon, which is 51 min. paſt 6 in the morn- 
ing; or at 9 min. paſt 5 in the afternoon, 
when the ſun. i is due caſt or weſt, _ = 

The ſun's WF: tance 70% of from the ver- 
tex as found above, when due eaſt, or welt 
ſubtracted from 90 degrees, leaves 20 deg; 
which is its altitude above the horizon at 
either of "theſe times, for & v, © w are 
quadrants, from which if we take © K i in 
the firſt, or © A in the ſecond, it 1s Ki , 
in one and A w in the N FI, to the 
fun 8 beight. | | 


1 


3 


. PROBLEM 
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% - 
. 


ub RR. ABL EM LXXXI. a. 
Given the "bur from noch, viz. 8 in 


the morning, which is bours 
from noom and the ſun's diſtance 


8 from che pole, 74”. v9 281 ton 


I&I2SMI 


To ng. dias, * the abe 


don, and llide the center of A, artificial 
borizon 10 that point at K, and turn the 
gtobe, until the eighth hour-circle marked 
upon the equator comes under the graduated 
fide of the ſtrong braſs meridian, the qua- 
drant of altitude being fixed at the point 
as before, t 35 it to * point K, and the 
triangle, oPK will be formed; in which 
is given the angle K Po, four hours from 
noon, P K, 38 28 / the diſtance of the 
path from the pole; © K the ſun's diſtance 
from the vertex will then be found, by in- 
ſpection on the quadrant, counting from © 
to K 59 20, 


PROBLEM 


canli and Trrreſiriel Guei. zig 


e PROBLEM UXXXII 


Given, _— yr OR diſtance. _ the 
pole 74 27 the latitude of the 
Place 37. 32% and the ſun's diſ- 

tance from t the. vertex Ba obſer- 


1619 2010 
11 5 ieee 4 


vation, 46˙ 


W the tine of the diy Shi 


that obſeryation was made, and 


£549 


of azimuth; upon, which th fun 
Was at. that time. ib h or 


* 2 Pig 8, elevate P, the of the 
globe to 15 33 the complement of the ſun's 
diſtance from the pole; bring the moveable 
meridian to the vertex of London, and flide 
the, center, of the artificial, horizon to that 
point: then ſerew; the quadrant to © the 
zenith of the illuminated diſk,. and bring 
its graduated edge to London; and move 
the globe and quadrant, that the vertex ma 
cut the quadrant at 46* 11/, the obſerved 
diſtance counted from. & to K. and an ob- 
lique angled triangle O KP will be formed 
upon the globe, in, Which we have three 

L 1614. ſides 


2 
4 
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fides given, G P, 74 27 the ſun's diſtance 
from the pole, © K his obſerved diſtance 
from the vertex 46* 11 in the morning; 
and K P 38˙ 28“ the diſtance of the pole 
from the vertex: to find the angle K PO, 
count the quantity contained upon the equa- 
tor, between the moveable and ſtrong braſs 
meridians, which will be found 36% 2 35 or 
2 h. 25 m. in time from noon, which is 35 
minutes paſt 9 oclock in the motning. 
The angle P K © may be meaſured by 
producing "the arches Which include the 
angle to the diſtance of 9 deg. from the 
angular point as in art. 332. or by art. 339. 
and it will be found 127* 400, or t1'poihts 


of the compaſs from the north, reckoned 


round by the eaſt, heh [SE by, 3 kd 
ſoutherly. ; nnen 
If the obſervation hat been made in the 
aſterndon, at the ſame height or diſtance 
from the vertex, the anſwers would Have 
been the Lune, but in a enn di- 
rection. | 3 07 
By this. problem we may regulate our 
clocks at any time of the day, without ſtay- 
ing till the ſun comes to the meridian ; if 
the ſun's altitude be taken by a large qua- 
drant, 
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drint; and you note the time by the clock 
when the obſervation was taken; and the true 
time anſwering thereto. be found as above, or 

by calculation, the difference, between this 


and the time pointed out by the clock at the 

inſtant of obſer vation will ſhew how much 
the clock is — or behind 3s e 
rent dime. n 2 | 


PROBL E N E l 4 
Given, the 8 . th of the place 51 
32% the ſun's place Wia 1% 

the ſun's right aſcenſion,” 390% 48', 
at one o'clock afternoon, being 
the time when an obſervation was. 
made: 
To find, har point of the ecliprſ 
| " culminates * upon the meridian, 
Which is the higheſt point of it, 
or the goth degree from the points 
--- wherein it interſects the horizon, 


and conſequently thoſe points 
themſelves; the diſtance of the 


nonageſimal and mid - heaven 


4. * | points 
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bags. from the vertex; and the 
angle made by the vertical circle 
Paſſing through the ſun at that 
time with the ecliptic. 3 


— 


351 Fig. 34. elevate P the pole of the 
je ws to 664 degrees, count the ſame quan- 
tity from A the equator to e, there fix the 
quadrant of altitude; this point e, will then 
be the pole of the broad paper circle marked 


* S A N, which now repreſents the eclip- 


tic, in which at G put a mark, at & 122 
15“ for the place of the ſun bring the gra- 


to the vertex of the given place, in this ex- 
ample London, and bring the center of the 
artificial horizon thereto; next ſet it to the 
point marked , and the horary index to 
that XIIth hour upon the equator which is 
moſt elevated, and turn the globe until the 
given time one hour from noon comes under 
the horary index. Then ſet the graduated 
edge of the quadrant of altitude to the ver- 
ter at E, _ the globe will be reQified for 
"a ſolution of this problem, in which we 


have two ſpherical ce P S P, and 
e PE. 11 


— ene | E, is 


1 
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Er, is that 1 in the path on which the 
vertex is at one o'clock afternoon,” D, that 
point of the ecliptic which then culminates 
upon the meridian E & , the angle made 
by E & the vertical circle then paſſing thro” 
the ſun with the ecliptic; the point T in 
the ecliptic, which is cut by the quadrant 
of altitude paſſing through E, is evidently 
the neareſt point to the vertex, or the high- 
eſt or nonageſimal point of it. E T'is the 
diſtance of the point T from the vertex'E, 
and E D the diſtance of D from the vertex, 


which is the point then culminating upon 
the meridian. 


In the triangle D S P, is given the n 
P D, the complement of 4 PD, which 
is the right aſcenſion of the mid- heaven, 
the ſun's given right aſcenſion 39 487, 
agreeable to the ſun's place & 129 15, at 
noon, to which the addition of 15 for one 
hour after noon, as we did above in recti- 
fying the globe, makes the angle PD 
54 48/ the preſent right aſcenſion of the 
mid- heaven and PE D the meridian at that 
time; P & 66? 31', and the angle at S 


18 
** 2 


. 
2 I. To 
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I. To find S D, the complement of '7 
D, the longitude of PD the mid- heaven 
from the firſt point of , which is ob- 
tained on the ecliptic here repreſented by the 

| broad paper circle between points ꝙ and D, 
| 329 4 or between and D, 579 6/; the 

_ longitude itſelf, which is 27 deg. 6 min. in 
Taurus. D is that point of . the. ecliptic, 
which culminates upon the meridian, at that 
time, whence we may . readily find what 
points of the ecliptic riſe and ſet at that 
time. 973 r: J 10 Sons ddt: A buf 

The quantity 70? e between 
P the pole of the globe and D upon the 
moveable meridian, is the diſtance of D the 
mid-heayen point from the pole; if we 
deduct PE 38.28, or count the quantity 
between D and E, we ſhall have 310 59% 
the diſtance of the point D in the ecliptic 
which now culminates on the meridian from 
the vertex E, its complement. to 90 degrees 
being 58 1/. is the» height of the ecliptic 
at this time, or the inclination of the eclip- 
tic to the horizon of the place. 

II To find 5 T, the complement of 
4 T, which is the longitude of the nona- 

geſimal, 


© i * 2 4 
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geſimal, and T E its diſtance from — 


vertex. : 
8 In the oblique angled ſpherical FREE 
PeE, are given Pe 23” 29), the diſtance - 
of the poles of the equator and echptic, PE, 
38? 28/ the co-latitude with the included 
angle e PE 144® 48. the complement: of 
35 12“ the diſtance- of the midcheaven 
from the firſt point of S to 180 degrees. 
The meaſure of this angle is obtained upon 
the equator between the ſtrong and the 
moveable meridians. 


Io find the angle PeE, as it is included . 
between © e, the ſtrong braſs meridian, and 
e T the quadrant; we have its meaſure 
240 44' upon the arch 5 T of the ecliptic, 
its complement 65 16' is Y T, the longi- 
tude of the nonageſimal from the firſt point 
of Aries, or E 5* 160“ its diſtance E T from 
the vertex E, is gained on the quadrant of 
altitude 41® 2/, the complement of which 
589 587 is the altitude of the ecliptic above 
the horizon at this time; or it is the angle 
which the planes of the ccliptic and horizon 
make with each other; as T is the higheſt 
point of the einge at this time, and its 
Nen in T 5” 16 three figps or 90 
4 Y 3 degrees 


& 
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degrees counted on the broad paper circle 


from T towards x will give m 5 16“ for 
that point of the ecliptic which is then riſing, 
and the ſame quantity counted from T to- 
wards y will fall upon & 5 16 which 
point is then ſetting. 


IL. Te find the angle E G T being het 


which a vertical circle E & paſling through 
the ſun at that time makes with the eclip- 
tic; this is called the parallactic angle. 

To repreſent this angle upon the globe 
it is neceſſary to have a flexible flip of braſs, 
or a ſlip of parchment about the breadth 
of the quadrant of altitude, with the di- 
viſions inſcribed on it with à pen; if this 
ſlip be applied to the point & and its gra- 
duated edge laid over the vertex E, and 
extended to the quadrant of altitude firſt 
removed to x go degrees from & it will in- 
terſect the quadrant at w, the quantity upon 


the quadrant, from x to w, will be 56? 29ʃ. 


the meaſure of the parallactic angle E & T. 
The reſult of this problem is as follows: + 


That point of the ecliptic h. cul- 


minates on the meridian is in 8 272? 6“ its 
diſtance from the vertex 310 59ʃ, wan 
or nonageſimal r of the ecliptic, 

| . 
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5 160“, its diſtance from the vertex 31 27," 
the rifing point of the ecliptic 5˙ 160, its 

ſetting point „ 5 167 the diſtance of the 
nonageſimal from the mid- heaven 8* w, 
and . 56? 59 


PROBLEM LXXXIV. 


Given, the latitude of the place, 
right aſcenſion and declination of 


any point ol the A —_ or of a 
fixed ſtar: 


| To find its . or ſetting BY 
tude, its aſcenſional difference, 
and thence its oblique aſcenſion. 


| 352 Fig. 36. elevate P, e e 
globe to 51 32ʃ, the latitude of Lon- 


don; then the diurnal parallel of the firſt 
Point of Cancer will be tepreſented by 
G F, the tropic of that name, marked 
Se F, in fig. 36; bring the firſt point of S 
on the ecliptic line to the graduated edge of 
the ſtrong braſs meridian, and e will be the 
point where it riſes; to this point bring the 

Fe edge of the moveable meridian, 
Y4 repte: 


zes Deſeription and Uſe of .the 


repreſented in the figure by Pie g p, then 
a e, upon the horizon at H O, or the angle 
a Z e, from the angular point Z m, the zc- 
nith. will be its riſing amplitude, from the 
eaſt at Aries, towards the north point of the 
horizon at o, and a g. determined by the 
moveable meridian, which now repreſents 
a circle of right aſcenſion paſſing through, 
the points.e and g, and the borizon its aſ- 
cenſional difference, which ſubtracted from 
its right, leaves its oblique aſcenſion. 
The aſcenſional difference ĩs the difference 
between that point of the equator, whic 
culminates upon the meridian, with the fir 
point of Cancer, and that other point of 
the equator - which riſes with it above the 
horizon ; it is here ſubtracted, to find the 
oblique aſcenſion ; becauſe that point of the 
equator which riſes with the firſt point of 
Cancer, comes to the horizon before the 
peint of its right aſcenſion, or; that point 
with which it culminates upon the meridian, 
In the triangle a g e, we have ge, the 
northern declination of the point e, in the 
diurnal Wande the firſt point of Cancer, 
equal to 239 290, the angle ga e, which 
is th inclination of the planes of A Q the 


equ ator, 
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equator, - and H O the horizon, with the 
angle at g right. Whence upon the horizon 


we obtain between a and e, 399 50, the 
riſing amplitude of the firſt point of S, 
which is NE b E, and 5 20' more. Up- 
on the equator, from a to g, we find 330 
9, the aſcenſional difference of the firſt 
point of Cancer: which ſubtracted from 
go deg. the right aſcenſion of that panes 
leaves 56 510, its-oblique aſcenſion. -- 
Every thing elſe upon the globe remain- 
ing the ſame, if we bring the moveable 
meridian to the point n, where the tropic 
of Capricorn interſects the horizon, we 
ſhall have another triangle a b n, equal to 


the former, wherein the firſt n Capri- 


corn has the ſame amplitude 230 290 from 
a, in the eaſt, to n, towards H, the ſouth 
part of the horizon, that the former tri- 
angle had towards the north; and this 
added to the right aſcenſion of the firſt point 
o Capricorn, 270 00', gives its ohlique 
aſcenſion 3030 og, becauſe; that point of 
the equator which riſes. with the firſt point 
of Capricorn comes to the horizon after the 
point of its right aſcenſion, or that with 
* it culminates upon the meridian, . 


3535 Note, 
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353. Note, Every ſtar which riſes with 
any point of the ecliptic has the ſame ob- 
que aſcenſion with that point. Fs 

The ſtar marked v, in the leg of the con- 
ſtellation Bootes, of the fourth magnitude, 
Which is repreſented in fig. 36. at the point 
&, having its north declination f * 19% 21', 
its aſcenſional difference a f, riſes above the 
horiaon with the fame point of the equa- 
tor with-which e, in the diurnal parallel of 
the firſt point of Cancer, riſes. So that hav- 
ing its right aſcenſion 204”, and declina- 
tion 17 21½ its aſcenſional difference and 
oblique aſcenſion may be found in the tri- 
angle a f *, in the ſame manner in which 
the N were found in the 1 
2 ge. 


As the * difference is Gibtrafted 


from the tight aſcenſion to find the oblique 
aſcenſion, if it be added to the right aſcen- 
ſion it will give the oblique deſcenſion. For 

that point of the equator which ſets with 
ther diarnal parallel of the firſt point of 
Cancer, comes to the horizon before the 
point of its right aſcenſion, or that with 
which it culminates upon the meridian. 
rn we have another method of finding 
40 +265 | the 
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the length of the day at London, or clſe- 
where, en the ſun is in the firſt point 
of Cancer, or any other parallel. of his dex 
| clination, viz. 

354. Subtract the fun's aſcenſional dif- 

ference in time from ſix in the morning, 
the reſidue is the time of his riſing ; add it 
to ſix in the evening, and it gives the time 
of his ſetting ; then doubling the firſt you 
obtain the length of the night, and the 
double of the laſt will be the length of the 
day. And after this manner all theſe par- 
ticulars may be found to every intermediate 
point of the ecliptic in all latitudes, 
As the riſing and ſetting of ſome of the 
principal fixed ſtars are mentioned by ancient 
writers, as criteria, by which to judge of 
the commencement of ſeaſons, and the be- 
ginning of times ſet apart for religion, huſ- 
bandry, politicks, &c. we have judged it 
neceſſary to add the following problems, as 
a farther elucidation of the two art. 
905 and 303. Foc | 


"PROBLEM 


$32 — 
PROBLEM IXXXV. ti 


Gives, the latitude of the. place, 1 
points of the ecliptic, with which 
a ſtar riſes or ſets, and the altitude 
5 of the nonageſimal, when thoſe 
. are upon the horizon: 2 


If it 


To find in what points of the eclip- 
tic the ſun muſt be to make the 
ſtar when riſing or ſetting appear 
Ei free from the ſolar rays; and 
- thence: the times of its heliacal 
vt - rifing and eating. | 


FY 8 
R Fig 46: Elcvate P,. the n 
globe, to the latitude of the place, and fix 
the quadrant of altitude in che zenith at 
Z, and HO will repreſent the horizon. 
Turn the globe until che given ſtar juſt ap- 
"pears at * in the edge of the horizon, and 
a will be that point of the ecliptic in which 
the ſun muſt be when the ſtar riſes and ſets. 
with it : Let us ſuppoſe the ſtar at * to be 
* the firſt * which requires that 

1 the 
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the ſun ſhould be depreſſed i 2 degrees be- 
low the horizon, that the ſtar may appear 
free from the ſolar rays: having noted the 
point a, on the ecliptic, move the quadrant 
until the 42th degree below. the horizon 
_ interſects the ecliptic at s, tlien Z s will res 
preſent a vertical circle, in Ing the _ 
at s is depreſſed 12 degrees. 


So in the triangle a C8, right an TY 
Ci we have the ſides C 8, 12 degrees, the 
requiſite depreſſion of the ſun below the 
horizon, to free the ſtar from his rays, or 
that point of the ecliptic at 8, to make the 
ſtar at * firſt heliacally viſible when it riſes, 
or from which we may ſee upon the _ 
ſide of the globe when it ſets heliacally. 


The angle 8 a C is the altitude of 5 
ene or inclination of the planes of 
the ecliptic and horizon; and the angle at 
C right, being formed by the interſection 
of a vertical circle with the hor zon: the 
meaſure of the angle S a C, is obtained by 
inſpection on the braſs meridian from 0 
to VS, the point in which the tropic of Ca- 
pricorn cuts that circle; the ſide a 8, being 
an arch of the ecliptic, through: which the 
fur a — the time ther ſtar at v riſes 
with 


Th M1 4 


— 


$54 Ds ini ond Up if lb 
with him ta its heliacal rifing; or an arch 
of the fame quantity on the other ſide of 
i the globe, through which the ſun muſt 
have paſſed from the time when the ſtar 
Fhich, as in the former caſe; added to the 
point of the ecliptic, in which the ſun is 
when the ſtar riſes with him, gives the point 
he is in at its heliacal riſing and in the 
1 later caſe ſubtracted from that paint of the 
. ecliptic the ſun is in when the ſtar ſets with 
| urns, en hs: Point ee tip. fame © 
ſtar's heliacal ſetting. 0 2 | | 
Thus having „ 
ecliptic in which the ſun muſt be when any 
ſtar riſes or ſets heliacally, againſt thoſe points 
in the kalendar, on the horizon, you obtain 
the month and day. 
As the diſtanees of the fred dun From 
one another have been found the ſame in 
all ages, it is probable they have no real 
motion of preceſſion, but only an apparent 
one, cauſed by the retroceſſion of the equi- 
noctial points, which are found to recede 
from their ancient ſtations at the rate of 50 
ſeconds every year; this alters their longi- 
tude, bar ee Goes Wot vary : hence 
Hire | their 
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their places being once determined to a 
known year, their longitudes may be aſcer- 
tained for any time paſt or to come, by 
the ſole ſubtraction or addition of ſo many 
times 50 ſeconds, as there are years 1 
that to which the given ſtar is rectiſied, an 
that to which it is required; or — 
the quantity of preceſſion from any former 
period, the diſtance thereof in time may be 
obtained, by reducing it into ſeconds, and 
dividing the reſult by zo, the quotient will 
give the number of years, as in the follow- 
* nne pen eit 


- 
— - 


EXAMPLE | 


Gwen, 1908 years. To findthe quan 
of tho preceſſion for tht ime 0 ing 510 


ien. 


1908 years 
Makiply by - - 50 leconds, * wy Sa 
0 — — y 1 
[99 a 60)95400-: 8 Acre 5a: 
Klient en 3 ry 0 Las an | 


dt vi 
| Anſwer - - e "= proeon in 1968 
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The regular change in the preceſſion of 
the fixed ſtars, or rather the conſtant retro- 
greſſion of the equinoctial points, ſeems to 
cauſe an irregular variation in their fight 
aſcenſions and declinations, more or” leſs, 
according to their diſtances from the pole 

of the ecliptic. Whence it may not be 
improper to ſhew how theſe may be found, 
as the coſmical, achronical, rl heliacal 


riſings and ſettings of the fixed ſtars, found 


by the preceding problems, have reſpect 


only to the preſent” age: and the following 


problem, with which I ſhall conclude this 
treatiſe, will ſhew the reader how to deter- 


mine the ancient place of any ſtar agreeable 
I TNA 1 8 | to 
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to tlie time of ancient authors, if their au- 
_ may be depended on. baanlg cd 
PROBLEM -LXXXVL 1: 
Given the latitude and ancient lon- 
885 gitude of a fixed ſtar: 


To. find its Sg aſcenſion and de- 

f Alinatian. | 
You Elerate the celeſtial 8 to. 66 ; ; "Bi 
bring the pole of the ecliptic into the zenith, 
and there fix the quadrant of altitude ; 
apply its graduated edge to the given ſtar, 
and it will cut its preſent longitude; either 
on the ecliptic or broad paper circle, which 
in this poſition of the globe coincide with 
each other: make a mark on the quadrant, 
at the latitude of the given ſtar, and remove 
it to its ancient longitude, as found above; 
then bring the graduated edge of the move- 
able meridian to the mark juſt made upon 
the quadrant of altitude, and ſet the center 
of the artificial ſun to that point which will 
then repreſent the ancient place of the given 
ſtar. That point of the moveable meridian, 
| | 2 7 upon 
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upon which the center of the artificial ſur 
was placed, is its ancient declination; and 
that point of the equator, cut by its gra- 
duated edge," is its ancient right aſcenſion. 


„The globe being thus rectified to the 
place precefſion of any particular ſtar, 
as given us by ancient authors, the times of 
the year when, ſuch ſtar, roſe or ſet, either 
coltaicatly, achronically, or hellacaliy, may 
be thus obtained-by the preceding problems, 


agreeable to the period of the author under 
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A TABLE of the Horary Difference in che 
Motion of the firſt, Point of Aries, at the 
Time of a Vernal Equinox. * © 
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: of the firſt Point of Aries over the Meridian, 
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Maa. 3 and Optical 
INSTRUM ENT S, 


Made under the IxzyzcTION and DrazcTION 6" 


GEORGE ADAMS, 


Mathematical Inſtrument - Maker to ä e 
"If GEORGE III. | 


At the Sign of Tycho Branz's Head, No. "__ 
of in Fleer -Street, Lonpox: 


Where 1 and 3 1 N &c.. way 
de tupplied with Inftruments which are invented and 
improved by him, as well as with thoſe contrived 
by the ableit Mathematicians in Europe. 


2 N 
CY TTY TY "E” PF TFT ah, * * * ine. N Sens 
4 + 4 — o F . * 


IHE > Study of the Mathematicks be- 
ing now become a neceſſary Part of 
| every Gentleman's Education, we 
need not wonder at the great Progreſs which 
this Science has, of late Vears, made in 

FETT 
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moſt Parts of Europe; ſince it contains fuch 
an inexhauſtible Fund of uſeful Knowledge, 
as is ſufficient to. gratify every Taſte, and 
employ. every Talent. The nobleſt Genius 
may, in the Purſuit of it, exert his utmoſt 
Faculties; and the meaneſt will not fail of 
finding ſomething that is within his Reach. 
The Theory affords an ample Field to the 
ſpeculative Part of Mankind, and the Prac- 
tice is productive of ſeveral Advantages to 
Men of Action and Buſineſs. 


Mathematical Inſtruments are the Means 
by which the Sciences of Geometry, Philo- 
ſophy, Aſtronomy, and Opticks, are rendered 
uſeful in all the common and neceſſary Oc- 
currences of human Life. By their Aſſiſtance 
an abſtracted and unprofitable Speculation, is 
made beneficial in a thouſand Inſtances : in 
a Word, they not only enable us to connect 
Theory with Practice, but alſo inſtruct us 
how to turn bare Contemplation into the 
moſt ſubſtantial Uſe, by making one of the 
moſt ſerviceable Branches of Learning, the 
natural Way of rendering this Hpowlflge 
general and diffuſive. 


The Knowledge of theſe leads to that af 


practical * and experimental 
Philo- 


Mathematical Infiruments, 


Philoſophy; fo. that the Uſes of mathema⸗ 
tical Inſtruments, make perhaps one of the 
moſt ſerviceable Branches of Learning in the 
whole World; and the natural Way, there- 
fore, of rendering this Knowledge general 
and diffuſive, is by making that of its Aa 
ſtruments fo... 

As practical Mathematics, and experi- 
mental Philoſophy, teach us the Powers of 
Nature, the Properties of natural Bodies, and 
their mutual Actions on one another; this 
Knowledge cannot be attained without In- 
ſtruments, and the Concluſions and Proofs 
uwe expect from it, depend very much upon 
their Exactneſs. In order therefore to give 
a ſufficient Satisfaction to thoſe who honour 
me with their Cuſtom, it is my particulac 
and greateſt Aim to produce ſuch Inſtru- 
ments as may facilitate the Progreſs of ma- 

. thematical and philoſophical Learning. 


In all my Performances I endeavour not 
to augment the Inſtruments with ſuper- 
fluous Ornaments, that they may be of fre- 
quent Uſe to thoſe of middling Fortunes, 
and alſo that their Neatneſs may render them 
not unworthy of a Place in the Cabinet of 
the Curious. 


That 


That their Exactneſs may be particularly 
attended to, I always inſpect and direct the 
ſeveral Pieces myſelf, ſee them all combined 
in my own Houſe, and finiſh the moſt ct 
nous Parts thereof with my own Hands. 
That the Conſtruction may be as ſimple and 
ſubſtantial as the Uſe of each Inftramient 
will admit, it is my conſtant Study to con- 
trive them in ſuch a Manner that they may 
be managed with the greateſt Eaſe. I alſo 
have Reſpect to their being made applicable 
to ſeveral Operations, eſpecially hen the 
Extent of their Uſes does not prejudice 
their Simplicity, to the End that Inftruments 


may not be multiplied without Neceſſity. 


In the following Catalogue I have ranged 
the Inſtraments in Clafſes under the Heads 
of their ſeveral Branches, and have num- 
bered each particular Inſtrument, fo that if 
a Gentleman is deſirous of any one or more 
of them, and is at a Diſtance from London; 
he need only ſend me the Numbers ad- 
joining to thoſe he intends to purchaſe, and 
he ſhall be ſerved with een and at the 
loweſt Prices. 


InsTRU- 


Mathematical Tnflruments. 


erung een for Geoftictry, 
Drawing, &c 05 


Atiety of pocket - caſes of F Uno m 
ments, in filyer, braſs, ivory, or wood, 
from 108. Gd. to gl. 58 Theſe contain more 
or leſs of the follgying articles, which limit 
their price. 

1 Plain compaſſes for meaſuring lines, &c. 

2 Drawing compaſſes with moveable points, 
viz. an ink point for fw Circles, or 
arches of any . and a a 
black lead point. 

i Drawing 2 either with or without A 

pProtracting pi | 

4 Sectors for "india proportions . 

© quantities of the ſame kind, as between 
lines and lines, ſurfaces and ſurfuces, &cz 
either of box, ivory, braſs, ſilver, &c.-- 


5 Plain ſcales, or either of box, Ivo 
6 Square protractors, oc braſs, ſilver, Ye. 


7 Parallel rules, are 

8 Semicircle protractors, of bras. 
In the beſt caſes, the compaſſes ate 4. 

ways made with ſteel joints, and the Knibs 
of all the pens are made to open with a 
joint, in order to clean them, in which TE 
alſo ſometimes put, 

9 Hair-compaſſes, ſo- contrived on the inſide 
of one of the legs, that an extent may be 
taken to an hair's breadth, 

10 Circular (or bow) compaſſes, with which 
a circle as ſmall as a pin's IT ON 
{cribed, 


In 


* 8 . — 


In A Ms of 187775 int 
ments, is generally contained all the abdve 
inſtruments, together with the following 

| e 

11 Drawing compaſſes, with movrable legs 
——. than thoſe of No. 2. 

12 Strong * with calliper and cutting 
points. 

13 Beam compaſſes bor drawing larger greles 
and taking larger extents. 


14 Proportionable compaſſes for the ready d. 


miniſhing plans or drawings, * _ aſ- 
ſigned proportion. 
15 Twelve- inch braſs ſeQors of 1 new ton: 
ſtruction. 
16 Triangular e for anten three 
points at once, from a Wos or 9 70 r. 
ing to another copy. 


17 A pointrel and feeder, having at its opper 


end an oval plate for clearing the drawing 
2 of any dirt or grit that may happen 

tween the knibs, and in the een ere- 
Bf is a ptotracting pin. 


18 Elliptical compaſſes for deſcribing elliphis 


of various excentricities. 
19 Bows for drawing or AY lines. 
20 Port craiyons. 
21 Large plain ſcales. Sometimes dete are 
22 Plotting ſcales. all made in one in- 
23 Protractors. ] ſtrument. 
24 Plain and parallel rules of ſeveral ſizes. 
25 Ivory pallates for Indian ink and colouts, 
26 Gunners callippers. 
27 The regular ſolids, or platonick bodies cut 

in wood, : 

28 Cy- 


28 
29 
30 


Mathematical en. 


Cylinder biſected. 5 

Cones with all their proper ſections. 1225 
Flat plates, for deſcribing the conic ſections 
upon paper, deſigned thoſe who are 
ſtudying that branch of ſcience. 

In theſe magazine caſes, gentlemen may 
have what — of 1 they 
think proper. 

Rules of all ſorts, for medi of timber, 


| ſtone, painting, brick-work, c. ar the 


uſual prices: . 
ms Inſtruments, Ee. 


LAIN tables, with an index and lights, 
whereby the draught or plan is taken 
on the ſpot, without any future protraction, 
having a compaſs fitted to one of its ſides, 
and the whole fixed upon a ball ſocket, 


with a three legg'd ſtaff, upon which it 
may be turn'd round, or faſten'd with a 
_ ſcrew, as occaſion requires. 


32 


Beighton's plain tables, with an index, 
— the line of ſights is always over 


the center of the table, the ſtation lines 
drawn parallel to thoſe meaſured on the 


land; and the table ſet horizontal by a 
ſpirit level. In this table the papers being 
{quare, are readily laid together and com- 
pole the whole ſurvey in one view. 
Theodolites for meaſuring angles, diſtan- 
ces, altitudes, & . Thoſe inſtruments are 


made various ways, ſome being more 


A a ſimple 
i 


| 
't 
il 
| 
| 
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ſimple and portable, others more accurate 
and expeditious. N ® 


33 The plain theodolite, which conlifis of four 


Plain ſights, two faſtened to the limb, and 
two on the ends of the index, with a com- 
pPaſs on the index plate, divided into de- 
tees, and the limb ſubdivided into mi- 
nutes by a nonius diviſion, the whole fitted 

on a ba l and ſocket, and that placed upon 
a three-legg'd ſtaff. 


34 Theodolites, with all the above particulars, 


and the addition of a teleſcope. 

35 Theodolites of the lateſt improvement, 
being the moſt accurate inſtrument yet 
invented for ſurveying land, which may 
be ſet truly horizontal, by parallel plates 

and ſcrews.” On the index, and over the 

compaſs- box is fixed a double ſextant, 
which moves exactly in a vertical circle, 

With a ſpirit level, and over that a tele- 

ſcope, ſo contrived, that when the bubble 

2» reſts in the middle of the ſpirit tube, the 


interſection of the hairs in the teleſcope 


will cut an exact level. The double ſextant 
is divided in ſuch a manner as to ſhew on 
vine ſide thereof the degrees and minutes 
off any altitude or depreſſion within the 
extent of its diviſions. On the other ſide 
are diviſions for taking the height of timber 
fſtanding in feet; and on the limb, there 
Are alſo diviſions for meaſuring its breadth. 

It muſt be alſo obſerved here, that both 
horizontal and vertical angles are obſerved 
at the ſame time, which is extremely uſeful 
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in laying down plots, when the hypo- 
thenuſal are to be reduced to Nad 
lines; when the teleſcope is directed to any 
N object, the whole inſtrument is fixed in ſo 
firm a manner, that on directing the tele- 
ſcope 10 the next, che limb remains entirely 
ſtedfaſt, which in other inſtruments of 8 
ſort, is very difficult to be effected. 
36 Circumferentors, the principal ſurv urveying 
- -- inſtrument uſed in the Weſt Indies. 


very ſimple, yet expeditious in the Practice, 
and conſiſts only of a brafs' circle, with a 


compaſs divided into 360 degrees, on the 


center of which is ſuſpended a magnetic _ 


needle, and an index, on whole extremities 
are two ſights; the whole is mounted on a 
ſtaff, and ſometimes for conyenigncy, gn 
a ball and ſocket. : 
37 Gunters, or four pole chains. > 
38 Air levels which ſhew the line of level, 
means of a bubble of air and ſpirits © 
wine hermetically incloſed within a = 
tube for the pocket. 

9 Air levels, with teleſcope fights, ipadncka 
on a three-legg'd ſtaff; they have à parti- 
cular contrivance, by which they may be 
adjuſted (if put out of order) to a tru 

level at any one ſtation. 

40 Gunners Even, generally called dere. 
culars. 

41 Levelling ſtaves. 

42 Plotting ſcales. | 

43 1 eather edged Tally.” 


442 44 Pan- 


. 1 — 
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44 1 for 2 e 
or copying plans of ſurveys, pictures 
any kind, and reducing ſhadews aof the 
human fide face, and this without any 
2 revious habit of drawing. 
edometers to meaſure the way in walk- 


ing. 
46 Perambulators way-wiſers, or meaſuring- 


wheels, ditto for coaches, 


47 Major General Williamſon's 44 inſtrument 


for Fo Pieces of ordnance. 


47 Dr. Pollock new univerſal inſtrument. of 
- $anery. 
Optical Inflrumcnts” 


„ 

i Eflecting teleſcopes, 1 8 6 2 
49 Dittto 18 inches -—— 8 8 0 
50 Ditto 2 feet 12 12 © 
51 Ditto on a rack ſtand— 21 0 0 
52 Achromatic Proſpects for the 

ket —_—. 6 0 
53 Achromatic teleſcopes, cither in 
nurſe ſkin for the pocket, or ma- 

hogany tubes, 2 feet — Relics. 6 

54. Ditto. 3 feet 88 0 
55 Ditto 4 feet — 4:4 0 

And ſo in proportion for any other 


length. All other forts of refraQting te le- 
Fi to at the uſual prices. N 
56 Wilſon's pocket microſcope 2 2 0 
57 Ditto — 2 1 6 
* Ellis's aquatic e — 2 2 0 


— — . re 


Mathematical | Infliuments. 

$9 Hlis's and Wilfon's microſcope i 8 

one caſe —— 15 0 
5o A ſingle and double aquatic wh © 


2b 0 anon) 7 
61 The double conſtructed micro- 


ſcope | 6 6- '© 
62 Ditto with a trian foot in a 
flat mahogany | 8 8 0 


63 Culpepper's double mieroſcope 0 
64· A ſolar microſeope | I” : 4 6 
65 A ditto r- 288 5 15 6 
66 The new variable en 21 0 0 
67 A ſolar microſcope, to be applied 

to a new invented camera ob- 

| ſcura, that may be uſed either 

in the ſun-ſhine, or with a lamp 

0 for that purpoſe in 


0 evenings 29 © © 
68 A pocket camera obſcura 0 10 6 
69 A ditto- - — 11 
70 A ditto, larger —U— i 5 © 

71 A pyramidical camera obſcura i in 
wWainſcot — 1 
72 Ditto in mahogany 4 14 6 
*72 Ditto for copying of A ee dre a 

ing ſtill life, portraits, &c.— 8 8 © 
73 An inſtrument for taking per- 

ſpective views 6 6 o 
74 Concave and convex mirrors, 

from 78. Gd. to 26 o @ 


75 Priſms, from — 78. 6d. to 2 2 0 
76 Zograſcopes for viewing prints, de 
trom — 168. to 3 3 © 
77 Opera glaſſes —— o 8 (© 


j 
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78 Ditto 
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_ 48 Ditto — — 0615 
79 Ditto 21 
80 Ditto | 4 a 
81 Reading. glaſſes in variety of 
frames, from 28. 6d. to 3 7 
82 Spectacles for the 105 — 0 1 
33 Ditto — 0 3 
84 Temple ſpeftacles '— 0 3 
85 Ditto — 0 5 
86 Dittdowaↄᷣ :! © 8 
87 Ditto ſilver... ——-\ 0 15 
88 Silver double joint — 
which neither preſs the noſe. nor 
temples * - 
89 Ditto in ſteel — 4 0 14 
Ditto 0 9 


91 Treble joint tacks for the | 
ladies. 

2 Ditto in ſilver. | 

93 Spectacles of brazil pebbles 4 

in ſteel or filver, at the uſual 
prices. 0 

94 Concave glaſſes for myopes or 
ſhort ſighted perſons, in great 
variety. 


95 Magick Lanthorns, 


pe en Inftruments. 


IR pumps excluſive of . 

apparatus. 

7 Single barrelled 0048952 

98 Small double barrelled 3 4 4 
. 6 


9% 


99 Ditto larger 


100 


* o O0 O 


1 * 


00006066 N00 0 
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100 A large table air pump — 10 10 0 
101 A large ſtanding air pump 21 o 0 
The apparatus to either of theſe | 
according to the deſire of the pur 
chaſer. | "WT 
102 Portable barometers  —— 2 2 0 
103 Ditto with ſpirit thermometers 2 12 6 
104 Ditto with mercurial thermo- 14 
meters — 4 4 0 
105 Ditto with ditto and Locks | 
ters 
106 Ditto with ditto and ditto, with 
glaſs doors | 
107 Other barometers with open 
ciſterns of ſeveral curious con- 
ſtructions, of a new contrivance, 
with diagonal barometers, either 
with ſingle, double, or triple 
tubes. Wheel barometers, &c. 
all at reaſonable prices. 
108 Farenheidt's thermometers nr 6 
109 Ditto for the pocket — 1 1 9 
110 Botanic thermometers — 0 18 O 


4 14 © 
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Aſtronomical and Geographical In- 
ſtruments. 


111 EW Globes accurately de- 
| lineated, neatly engraved, 
and adapted. to an apparatus 
eaſy in application, and exten- 


ſire 


— = 
0 
; 
4 


| „ ee of 


7 nn 18 inches 


112 Ditto in mahogany frames 1 
113 Ditto in carved frames — 24 0 
114 New globes, 12 inches diameter 

| in ſtained frames '—— 3 5 

| ' 215 Ditto in mahogany frames 6 16 

116 New globes, 6 inches diameter 

in ſtained frames. an 

117 Ditto in mahogany frames. 

118 Globes 3 inches diameter in 
frames — — ů1 11 6 

19 Ditto in black caſes for the 
pocket — 810 6 

120 Globes mounted with wheels 
work, at various prices. 

121 Armillary © ſpheres, 12 inches 
diameter 21 © 0 

122 An armillary dialling ſphere, fo 
contrived as to explain 
reaſon and nature, as well as 64 

* _ to ſolve the moſt uſeful pro- 
blems in ſpticrics; and illuſtrate 
the theory of dialling; and is 

- itſelf an univerſal ſun-dial. 

123 A ſphere ſhewing the real and 
apparent motion of the * 
vens, and ſolving the problems 
depending thereon. 

124 A planetarium, by which the 
annual motion o& the planets; 
their ſituations and poſitions 
with reſpe& to the carth and 
ſun, as well as to each other, 


«aa Qa 


with 


with their direct ſtationary and 2 
o retrograde appearances, ate | 
© _» Clearly illuſtratee!— 18 18 o 
423 Actellurian, which explains |/the 1 | 
© <« 1 digrnab and annual motions-of f | 1 
the earth and moon; ſhews;:the © 
inclination and retrograde mo- . 
tion of the moon's orbit, and | 
thereby the cauſes of the ecliples | | 
of the ſun and moon, che cauſes | 4 
of day and night, the viciſſi- 
tudes of the ſcalons, the phaſes 
of the moon, the difference be- | 
tween a periodical and ſynodical \ 
month, the riſing, ſouthing, me- 
ridian altitude, —— am- 
plitude, and ſetting of the ſun 
| and moon, &c, 
126 Orreries, which ſhew all the 
above phenomena, with the 
motion af the inferior planets 
only, or with the matians of all 
- © the ſuperior planets and their 
ſatellites, with many improve- 
ments, are made by me at 
. , variqus-prices, according to the 
intention or deſire of the perſons 
who propoſe to be purchaſers, _ 7 
trom 130 guineas, to — 1500 © © 
Smaller. inſtruments af this : 
kind, deſigned to ſhew only a 1 
few” of the particular pheno- 
mena, are made at ' yarious 
prices, Soy 


Bb 127 Aſtro- | 5 


26 15 o 


"_ | 4 
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127 Aſtronomical» quadrants, pſec A 
radius n —— 130 © 0 
228. Ditto, 2 feet radius I 15792 0+ O 
129 Ditto, inches radius ag Ado 
130 Ditto, 1a inches radius — 10 O- 
Aud all other aftronomit: 
inſtruments, as ſectors för 0b. daf 
ſerving angular diſtances 1d 
differences in right aſcention, 
equal alirude inftruments,/and” _ 
tranſit inſtruments, &c. of © 
various prices according to a 


their ie &. 412 
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Navigation Inſtruments. 


Gard: T: 2 deb un 

i tic were ein eee dg 
131 ADLETs, quadrant— 20 
132 Ditto — 2 12 


134 4 Ditto N Hans il: 
135 Hadleys ſextab t 8 $ 

136 Dr. Knight's. ſteering' compaſs 2 12 

13 — azimuth compaſs 5 15 


Theſe with all forts of ſcales, ... "0 
© „ tles, and all the inſtruments | 
uſed in experiments of natural 
philoſophy, for mechanicks, 
pneumatics, . hydroſtatics, Kc. 
are made, when ordered, A 
moderate prices. A 


he ee 
. | 
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133 Ditto 10 uta 912 CLIC + 2 3 
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To enumerate all the various articles that 
are uſed in making experiments, or for other 
purpoſes, would alone fill a volume. I have 

therefore ſelected the principal inſtruments in 
ule, to molt of which I. have affixed prices a: 
numbers, fot che 'eale © hole Gentlenten Anti 
Ladies at any diſtance from London, O may 
have o&afion "ro! write for any 'of the above 
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The) ane BO OK, newly inted f 7 . 
Author, way be had. 36 his Houſe, . 

- at Hebo Brakes Head, in Eleet-Street, — 
1 14 the Bookſellers in Town and Country. 1¹ 


IM CRQGRAPHIAILEUSTRATA, or 

8 the MICROSCOPE ExrTAIx ED; in ſe- 
veral New Inventions, parzicnlariy of a New Variable 

Microſcope, for Examining all Sorts of Minute- 

Ohiects; and alſo f New CMA Orscura 

Microſcope, deſigned for Drawing all Minute-Ob- 

jects, either by the Light of the Sun, or by a Lamp 

| in Winter Evenings, to great Perfe&ion, with a 

"2 Deſcription of all the Microſcopes now in Uſe. 

0 Likewiſe a NATURA His rox of Aerial, Ter- 

reſtrial, and Aquatic Animals, &c. conſidered as Mi- 
croſcopic Objects. The Fourth Edition. IIluſtrated 
with 72 Copper-Plates, a fo. 3 

of on Objeds.- . 


By GxorGE ADA 
3 Laftrument-Maker to His Majeſty, 


